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f Ex. Doc. 
l No. 53. 
THE SECRETARY OF AGRICULTURE, 
TRANSMITTING, 
In response to Senate resolution of December 13, 1890, a report on the 
prngress of irrigation investigation ~tnder the deficiency appropriation 
act of 1890. 
FEBRUARY 13, 1891.-Referred to the Select Committee on Irrigation and Reclama-
tion of Arid Lands, and ordered to be printed. 
DEPARTMENT OF .AGRICULTURE, 
1.'he Senate of the United States: 
OFFICE OF THE SECRETARY, 
Washington, D. 0., February 10, 1891. 
In pursuance of Senate resolution adopted December 13, 1890, as 
follows: 
Resolved, That the Secretary of Agriculture be, and hereby is, directed to report to 
\he Senate all information in his possession a.s to the progress made in the investiga-
tion for irrigation purposes of the regions lying between the ninety-seventh parallel 
west of Greenwich and the foothills of the Rocky Mountains, as provided in the act 
of September thirtieth, eighteen hundred and ninety, known as the deficiency appro-
priation act; and also to inform the Senate whether, in his opinion, under the limita-
tions as to time provided in said act the said investigation can be carried out so as 
best to secure the information sought and with the greatest economy, and that he 
show by his report what amount of the money heretofore appropriated for this pur-
pose has been expended in each State and Territory in which expenditures have been 
made. 
I have the honor to forward herewith a progress report of the irriga-
tion survey, which, in connection with that submitted to the Senate on 
the 20th of August, 1890, brings down to date the information, so far as 
it bas yet been compiled, sought for by the Senate. 
I am firmly of the opinion that the investigation provided for in the 
act of September 30, 1890, known as the deficiency appropriation act, 
can not be brought to a successful end within the time fixed in said act. 
In this connection I respectfully call attention to the following para· 
graph of my last annual report to the President: 
The brief preliminary reports made to Congress of the artesian wells investiga-
tion resulted in the passage of the following provision of the general deficiency act, 
approved September 30, 1890: 
"IRRIGATION INVESTIGATIONS.- To enable the Secretary of Agriculture to con· 
tinue to completion his investigations for the purpose of determining the extent and 
availability for irrigation of the underflow and artesian waters within the region 
between the ninety-seventh degree of longitude aud the eastern foot-hills of the 
Rocky Mountains, and to collect and publish information as to the best methods of 
cultivating the soil by irrigation, forty thousand dollars: Provided, 'l'hat no part of 
eaid snm shall be expended unless the entire investigation, collection, and publica-
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tion contemplated herein, including the report thueon, can be fully and finally com 
pleted and finished before July first, eighteen hundred and ninet.y-oue, without any 
additional expense, cost, or charge being incurred." 
The extraordinary nature of the above proviso made the formulation of plans for 
carrying out the investigations enjoined upon me nuder the act a matter of very seri-
ous difficulty. Indeed, a too literal adhesion to the language of the act, embarrassed 
as it is with this provision, would make it well-nigh impossible to undertake the 
work at all. Assuming, however, after due consideration, that the intention of Con-
gress was that these investigations should be continued, I at once proceeded to or-
ganize an irrigation inquiry, and to prepare to carry on the work of artesian anfl 
underflow investigation as far along towards completion as was possible by the ex-
ercise of the utmost diligence within the period provided. At the same time I felt 
called upon to instruct the gentlemen in charge tb!lt all reports must be completed 
and handed in on or before the 30th April, 1891. Tile date at which the act was ap-
proved, and the early perioJ at which I am obliged to call in the reports, necessarily 
curtail the time available for field service to a few weeks of field activity, and hence 
curtail the usefulness of this investigation. 
Experience bas confirmed me in the opinions then entertained with 
respect to the advisability of arbitrarily limiting the time to the first 
of July, 1891, within which the work should be completed and there-
port thereon should be published. 
With the greatest diligence compatible with thoroughness of prepar-
ations, arrangeil1ents for field work were not completed uutil the 20th 
of October, too late in the season to enter upon that part of the im·es-
tigation which must be performed in the Dakotas, :1\Iontana, and Wyo-
ming. This portion of our task can not be undertaken before the 15th 
of March, and to insure the publication of the results by the 1st of 
July the material must be in the bands of the printer by the 1st of 
May; thus limiting us to the short period of six weeks for field studies, 
and for tabulation and compilation of results. 
Our first e.fl'orts were directed to the States of Nebraska, Kansas, 
and Colorado; and th·e force was kept in thjs region until December, 
when, fielrl work being no longer possible there, it was tram;ferred to 
New Mexico, the Indian Territory, and Texas for the winter. Arrange-
ments have been made to throw the entire force into the northern field 
as soon as the season is far enough advanced; and we shall submit our 
completed report in time for publication by the first of July, in the 
absence of further legislation extending the limit of time. I beg, how-
ever, most respectfully, to repeat my opinion that it is inadvisable, in a 
work so broad and so essentially one of exploration and discovery, to 
limit the Department arbitrarily to the short time fixed in the original 
act. 
I append hereto a statement of the salaries paid from the appropria-
tions for the irrigation, underflow, and arte:-dan inquiry (acts of April4, 
1890, aud September 30, 1890), showing-, as far as possible, the distribu-
tion of the expenditures among the States and Territories interested. 
I have the honor to remain, very respectfully, 
The SENATE OF THE UNITED STATES. 
J. M. RusK, 
Secretary. 
List of office employes, thei1· compe1tsation, etc., in m·tesian tvells investigation undm· nrgency df'jiciency approp1·iation act of Ap1·il 4, 1890. 
Name. IWhonoo appoin""·l ~:}!,:;.".:1. Nature ofoervioo. I Where employed. 
Richard J. Hinton ..... New York .••.•••. , Apr. 16,1890 .5pecialagentincharge, Washington, D. C ..•••••• 
L:::V\~e~f I Compensation. I Remarks. 
146 days .••. , $10 per day .•••..• , Ex-irriga~ion engineer U. S. 
Frank Blaisdell. ·······1 Massachusetts. ···1 May 15,1890 W. Berton Nassau ..... New York ........ June 12,1890 
William A. Wansleben. Dist. of Columbia. May 1, 1890 
John T. Lucey ......... California ........ Apr. 21,1890 
2~:!~~~~i~~~:.:: :::::: ::: :~~: :::::::::::::::::::: 
Draftsman.... . . • • . . . . . . . do ................... .. 
Amanuensis and com- .... do ...•••••. 
122 days .... 1 $1,800perannum .. 
95 days . • • • . $6 per day ...... .. 
69 days ..... $50 per week .... .. 
88 days .. • • . $3 per day ...... .. 
piler. 
J.I.Christiancy ..••••. Michigan ..••.•••. Junell,1890 Statistical expert ..••..... do ..•.•••••••.•.•...... 38days ••••. $5perday .••..•.. 
Robert H. Partridge... Virginia . . . . • • . • • May 22, 1890 .... do ..................... do............... .•• • • . 55 days . • • • . $150 per month ... . 
Nathan B. :Payne ..•... New York ........ May 26,1890 .... do ..................... do ..................... 71 days ..•.. $100 per month .. .. 
Charles D. Poston ..... Arizona .......... May 1,1890 .... do ..................... rlo ..................... 52 days .•••. $5 per day ....... . 
J.D. B. Littell ......... Dist. of Columbia. July 17,1890 Tabulator ................ do ..................... 10 days ..... $3 per day ....... . 
N~~-a~!~t~~Ik~{hi: :::I::::~~ ::::::::::::: ·.r~i~0 7:iil9o ~- P-h~~og~aph~r·:: :::::: ::: -~~: :::::::::::::::::::: ·i4 i~Y~·::::: · $s·:~r·d~y- :::::::: 
Mortimer A. Downing. Missouri. ......... July 8, 1890 Stenographer .••••••••.... do .. ................... 11 days . . . . . $6 per day ...... .. 
J. W. Barker ........... Dist. of Columbia. Apr. 18,1890 Messenger ................ do ..................... 5 months 19 $660 per annum ... 
I , · days. .-.__ . 
Geologtcal Survey, author 
of report on "Irrigation 
in Umted States." Senate 
No.15, second session For·· 
ty-ninth Congress. 
List of field employes, their compensation, etc., in artesian wells investigation under urgency deficiency app1·opriation act of April4, 1890. 
Edwin S. Nettleton, C. Colorado .......... !Apr. 15,1890 I Supervising engineer -I The field .••••.••••••••••. 1 31 months •.. 1 $4,000 per annum .. Assigned from Interior De-
partment. SupervisingEn-
gineer U.S. Geological Sur-
vey. 
E. 
Robert llay ............ , Kansas ........... , Apr. 14, 1890 I Chief field geologi~t .. , .••. do ..................... ,94 days ..•.•. , $8 per day ....... . 
Louis G. Carpenter •••• Colorado .......... Apr. 16, 1890 Field agelltandassist-
ant geologist. 
For Colorado from 1050 to I 78 days •.•••. I •••. do ............ . 
foothills and for ~ ew 
Mexico from east line 
GPologist, Kansas State 
Board of Agriculture. 
Profes~or Irri1;1;ation Engi-
neerinJ!, Colorado State 
Agricultural College. 
Garry E. Culver ....... 1 South Dakota .•••. 1 .... do ....... 1 Geologist ........... .. 
Louis E. Hicks ........ Nebraska ......... Apr. 14,1890 .... do .......... .' •••••. 
E. T. Dumble •••••• .... Texas ............ Apr. 16, 1890 .... do ............... .. 
to foothills. 
Dakotas and east Mon-
tana to foothills. 
Nebraska and Wyoming 
west to foothills. 
60 days ...... , .... do ............. , Professor, University, Ver-
million, S. Dak. 
.. .. do ........... do • • .. • • ... • • • . Professor State University, 
Nebraska. 




























List of office ernployes, their compensation, etc., in a1·tesian wells investigation under urgent deficiency approp1·iatton act of .April 4, 1890-Continued. .,. 
Name. Date ofap-Whence appointed.! pointment. Nature of service. Where employed. 
Length of 
service. Compensation. 
P.H. Van Diest* ..••••. l Colorado .......... j .............. j Geologist ............. j Colorado and New Mex-
ico e~st from foothills 
to b<>rder of State and 
Territory. 
T.E. Underhill ........ , North Dakota .••. , Apr. 16,1890 I Fieldagent(statistical) 
Stephen G. Updyke.... South Dakota ......... do •.•.•...... do ................ . 
North Dakota ............ , 60 days ...... , $6 per day ....... . 
South Dakota (eastern .... do ........... do ........... .. 
division) from 98° west 
to Mis!<ouri River. 
Remarks. 
Employed in rnaldn~ mono· 
graph on geology of Colo· 
rado and New Mexico from 
foothills to border of State 
and Territory. 
State railroad commissioner. 
Professor in State Agricul-
tural College. 
J.W. Gregory .......... j Kansas ........... j Apr. 14,1890 I .••. do ............... .. Kansas, Nebraska, public 
lar.d strip, Colorado to 
1030 west longitude. 
80 days ...•.. j •••• do ............. j Editor Sentinel, Garden City, 
Kans. 
F. E. Roesler ...••.••••. I Texas Apr. 15,1890 l .... do Texas from 97° to 105° I 68 days ...... 1 •••• do Civil engineer, Dallas, Tex. 
Horace Beach .••.•••••• , Wisconsin .••..••. , May 5,1890 , .... do 
F. F. B. Coffin .......... South Dakota ......... do ........... do .• 
west longitude. 
South Dakota 
Western division South 
Dakota. 
50 days ...... , $5 per day ........ , Well expert, Prairie d u 
Chien, Wis. 
28 days...... $8 per day . . • . . • . . State irrigation engineer. 
"I Apr. 26, 1890 I Division field agent 
I I I 
:r:eer~ssistant en-
J. B. Greenwell . . • . . • • . Dis~rict ofColum- Apr. 16, 1890 Stenogr~pher t_o su-
bia. perv1smg engmeer. 
George E. Bailey ....... I .... do South Dakota 60 days ...... l." ... do 
In field .................. ·I'> month• .. -I $100 po. month. 
Professor, State School of 
Mines, Rapids City. 
*The aecounting officers have not settled the question as to whether Mr. Van Diest is entitled, without action by Congress, to compensation for his valuable monograph. 
as he holds the position of chief clerk of the U.S. Surveyor-General's Office of Colorado. • 
List of office employes, their compensation, etc., in i1·rigation, unde?:flow, and a1·tesian inquiry under genm·al deficiency app1·opriation act of September 30, 1890• 
RichardJ. Hinton ...... New York ....... . 
Frank Blaisdell ........ Massachusetts ... . 
W. Berton Nassau ..... .New York . ..... .. 
J. M. Hines .... ... ••• .. District of Colum-
bia. 
Mrs . .A. F. Wood ....... California ....... . 
.Tames I. Christiancy ... Michi11:an ...•..... 
Robert H. Partridge . .. Virginia ......... 
Joseph Harper ......... Dist. of Columbia. 
Mortimer A. Downing. Missouri ....... . 
Thomas Mackey....... South Carolina ... 
J. W. Barker ........... Dist. of Columbia. 
R. A . .Baker .. .. .. .. . .. . ... do ........... .. 
Oct. 1,1890 
Oct. 17, 1890 
Oct. 6,1890 
Nov. 8,1890 
Civil ~ngineer ............ do ........................ do ..... . 
Special agentinchargel Washington, D. C ........ 1 Continuous. 
. ?.~d~1!~~·.:::·:.:::::::: ::: :~~:::::::::::::: ::::::: ~n~~f!th. ~f-
Mar.,1890. 
Continucus . Oct. 7,1890 File-s' clerk and type- .... do ................... . 
writer. 
$10 per day ....... 1 
$150 per month .. .. 
$6 per day ...... .. 
$5 per day ....... . 
$1,400 per annum . 
Nov. 1,1890 Compiler ................. clo ......................... do ....... $100 per month ... . 
Nov. 24, 1890 .... do ..................... do..................... 1 month . .. . ... do ........... .. 
.. do ....... Stenographer ............. do ..................... 17 days ..... $6 per day ....... . 
Dec. 23, 11190 .... do ..................... do ..................... Continuous. $5 per day ....... . 
Nov. 10,1890 Assistant compiler ••..... do ..... ........... .................. $75 permonth ... .. 
Oct. 6,1890 Messenger ................ do ..................... Continuous. $660 per annum .. . 








· List of field employee, thei1· cornpeneation, etc., in ir1·igation, underflow, and arteeian inqui1·y under general deficiency appropriation act of September 30, 1890, 
Edwin S.Nettleton ..•. Colorado ..••.....• Oct. 16,1890 Chief engineer ........ Artesian and underflow, 
North and South Da-
Continuous . $4,000 per annum .. 
. kota, and Kansas, Ne-
braska, eastern Colo-
rado and New Mexico, 
and western Texas. 
W. W.Follett .••....•.. .••. do .••••..••••.. Nov. 1. 1890 Civil engineer ....... ·. N ebraska(Platte Valley), . •. . do ..•.... $200 per month ..• 
Kansas (Arkansas 
Robert Hay ......•...•. Kansas ..••...•.•. Oct. 16, 189 ~ Chief geologist ....... 
Valley). 
Artesian and underflow, 
Nebraska and Kansas, 
New Mexico, Texas, 
Texas (Pan Handle, 
.... do .••.... $250 per month ... 
Texas ~ ---·- .••..• 
etc). 
R. T. Hill .........•.... .... do ....... Geologist .•••••....... Oklahoma (Pan Handle, .... do ....... $200 per month ..• 
Texas), Rio Grande, 
Texas, and eastern 
New Mexico. 
J. W. Gregory .....•... Kansas ...•...•••. .••. do ....... Special field agent .... Nebraska and Kansas, or . ••. do ..•..•. $8 per day ........ 
central division of 
Great Plains. 
Joseph Nimmo, jr .•••.. New York .•...... Oct. 25, 1890 .... do ..•.•••.•••...... Irrigation inquiry, Mon- 58 days ..••. . ••. do ............. 
tana, Idaho, eastern 
Washington and Ore-
gon. 




























LETTER OF TRANSMITTAL. 
DEP .A.RTMENT OF AGRICULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washington, D. 0., February 5, 1891. 
SIR: The provision of the general deficiency bili, approved Septem-
ber 30, 1890, directs the Secretary of Agriculture to continue to com· 
pletion the investigation begun under a similar provision, approved April 
4, 1890, '"for the purpose of determining the extent and availability for 
irrigation of the underflow and artesian waters in the region between 
the ninety-seventh degree of west longitude and the eastern foothills of 
the Rocky Mountains.'' It also directs the collection and publication of 
''information as to the best methods of cultivating the soil by irrigation." 
The Office of Irrigation Inquiry has been formed by the Secretary's 
orders, in order to fulfill the duty thus imposeu upon the Department, 
the undersigned being in charge. A field of inquiry has also been or-
ganized by the appointment of Bdwin S. Nettleton, C. E, as chief en-· 
gineer, and Prof. Robert Hay as chief geologist of the Department of 
Agriculture. These officers report directly to the Secretary. Progress 
reports of the work accomplished and observations made by the Secre-
tary's order accompany this report. 
The brief time between the passage of the appropriation in the gen-
eral deficiency bill and the reassembling of the second session of the 
Fifty-first Congress, making a period of but 61 days, precluded the 
possibility of doing anything with the irrigation inquiry beyond the 
preparation of a progress report, in which an endeavor will be made 
to show the conditions and development of irrigation as applied to the 
soil for the purposes of cultivation. It has been impossible to make 
those field observations by wl1ich the most accurate data could alone 
be obtained. The office has, therefore, been obliged to depend upon 
extensive correspondence covering all parts of the areas of the United 
States in which irrigation is required. It has also supplemented this 
correspondence with an extensive distribution of circulars, sent to land 
colonies, canal and ditch companies, engineers, practical irrigators, 
State and county officers, railroad companies, and others who might be 
in the way of obtaining information and giving intelligent account of 
the same. Copies of these circulars are annexed to this report. The 
percentage of replies to such inquiries has been quite large. They 
show a growing and widely extended interest in the whole subject and 
the serious questions involved therein. This correspondence has not 
been confined to what is generally termed the arid region, but has 
come from the great centers of commercial and industrial activity as 
well as from those of agricultural enterprise. From the extent and 
nature of this correspondence it is quite certain that the office of Irri-




irrigation enterprise and land colony project, of the nature, character 
and extent of all works, the vast amount of territory, with accurate 
opinions bearing directly upon the multifarious questions of soil, cli-
mate, productions, engineering, and economic life, which are involved 
in the great problem of reclaiming to the uses of man the arable por-
tions at least of two-fifths of our national domain. 
I am, sir, very respectfully, 
The SECRETARY OF AGRICULTURE • 
RICHARD J. HINTON, 
Special Agent in Oharge. 
IRRIGATION IN THE UNITED STATES. 
PROGRESS REPORT FOR 1890. 
BY 
RICHARD J. HINTON 
SPECIAL AGENT IN CHARGE, 





IRRIGATION IN THE UNITED STATES. 
PROGRESS REPORT FOR 1890. 
By RICHARD J. HINTON, 
pecial Agent in charge of the Office of Irrigation Inquiry, Department of Ag1·icztlture. 
Irrigation, by English-speaking Americans, begins for all practical 
purposes with the Mormon settlement and occupancy of the Great Salt 
Lake Basin in Utah. The same people also exemplified the value of 
irrigation by their settlement at San Bernardino, in Southern California. 
These first and important efforts began about 1S54. Very little or 
nothing was known of the nature and possibilities of farming by irri-
gation until the United States troops sent to suppress disorder in Utah 
had reached the neighborhood of Salt Lake City, early in 1858. In 
California, before and at that period, the value of irrigation was indi-
vidually understood by a few pioneers, and meant success to those 
citizens, while here and there in the southern part of the State small 
and large ranches were being so cultivated with great success. Before 
the American occupancy of California and the Mormon settlement of 
Utah, irrigation within the boundaries of what is now the United States 
was confined to that portion of the Rio Grande Valley found within the 
present Territory of New Mexico, and to isolated points in southwestern 
Texas ; to a few Indian tribes and pueblos in the Territory of Arizona; 
to a score or more of Catholic missions, with Indian villages attached 
thereto, and to the Spanish settlers found in the province of Upper Cal-
ifornia. All such efforts were of the most rudimentary character, giving 
results, however, sufficient to prove the possibility of enormous devel-
opment and progress in that direction. Unmistakably the oldest irri-
gation is that produced by the Indian dwellers of the 18 pueblos found 
in New Mexico, and by the Moquis, Sapori, Pimas, Maricopas, and 
Papagoes, resident in the present Territory of Arizona. Evidence exists 
in our Southwest region of larger works and wider fields, made by a 
people long since extinct. 
The value of irrigation as a fertilizer of the soil may be seen in the 
fact that the Pima Indiabs of Arizona have cultivated the same Jand-a 
portion of which they now occupy-for at least 500 years. Their culti-
vation, though rude, has been extensive and well conducted. Nothing 
bas ever been applied to the land but the water, which quickens and 
fructifies it. As large crops are now raised as any of which the tradi-
11 
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tions of these Indians bear record. Besi<les the Indian Pueblo settle-
ments, the valley of the Rio Grande for nearly 400 years has been the 
seat, as far north as southwest Colorado and as far south as Eagle Pass 
in Texas, of settlements the members of which have cultivated the soil 
by irrigation. This population when we first came into contact with it 
was known to consist of not less than 100,000 persons. They were 
organized into village communities, each member of which cultivated 
small areas along the valleys of the streams from which the water was 
obtained., and held in common the forest and timber land. Their de· 
scendants still form a considerable part of the population, and their 
methods have l.1elped to shape the economic life of a portion of southern 
Colorado, New Mexico, and a large part of southwestern Texas. From 
the period of our acquisition of the Mexican Territory up to 1870 nu 
definite interest was felt in the question of irrigation beyond that 
already referred to. · 
General irrigation really began in the United States' with the found-
ing of the Union Colony, in 1870, of Cache Ia Poudre, in northern Colo-
rado. Fruit culture by means of irrigation began in the same year at 
Riverside and Fresno, in southern California. Horace Greeley's jour-
ney across the continent 12 years before and the reference he then 
made to irrigation fields seen in Utah and at isolated points in Califor-
nia were the initiatives of the discussion which increased in impor-
tance up to 1869. Severai papers were printed in the annual reports of 
the Department of .Agriculture. Mr. M. C. Meeker, then agricultural 
editor of the New York Tribune, began an agitation for the organization 
of a complete colony to be located in Colorado. As the result of this 
discussion the Union Colony was formed and the town of Greeley es-
tablished. Ex-Governor Benjamin H. Eaton, who was one of the orig-
inal colonists though a resident before its founding in the State, s:..tys 
that the colony was located on a barren plain of cactus in the very dry 
spring of 1870. There was not then a house or building or anything 
of that kind at Greeley, nor upon the land now occupied by the people 
tributary to that place. The first season was a very unpromising one . 
.At that time no one thought there was any good land except along the 
river, supplied by capillary attraction from the soakage or seepage stream 
In the 10 years preceding the founding of the Union Colony there had been 
enough small farming by means of irrigation in Colorado to warrant be-
lief, however, that in valley or bottom lands the soil was rich and the 
yield would be abundant. Indeed, as early as 1858 and 1859 one sagacious 
settler in the Cherry Creek Valley was able to supply the miners with 
vegetables and other products in quantities sufficient to make, at the 
prices paid, a very large return for his industry. The Union or Greeley 
Colony, as it was commonly called, was, in fact, the first body of American 
agriculturists to undertake irrigation on a large scale and on the bench 
or mesa land. The Mormons in Utah had confined their labors to the 
broad valley lands of the Jordan and to other points along the Salt and 
Utah Lakes. Mexican irrigators seldom carry the water on to bench 
lands. 
It is but just, therefore, to consider the foundation of the Colorado 
Colony as the true beginning of American irrigation. Its first year 
was a very bad one; the second was but little better, while in the third 
year all the available land was cultivated. Enough of the original 
colony remaineq, to keep the enterprise in active existence. The first 
year, by ditches, water sufficient· was taken to irrigate 4,500 acres. 
This ditch was some 24 miles in length, ge11erally 4 feet deep, and 2 
feet wide at the head. It is now 20 feet wide and 6 feet deep and con· 
PROGRESS OF THE UNION COLONY. 13 I 
veys about 14 times as much water as it did when first constructed. 
Considering the practical know ledge shown the Greeley· Union Colony 
was a bold enterprise. Jrour canals were to be constructed, costing 
$5,000 each. Only 2 were so constructed by the colony proper . 
.Actually, they cost more than the :first calculation called for. Ditch 
number 3, as it is termed, has cost in all $25,000, and now irrigates 
~,000 acres of land. Ditch number 2, which was to have been made 
for $5,000, bas cost at least $27,000. With its three enlargements its 
total cost bas been $112,000, and it senTes at present 25,000 acres of 
land. Ditch nnm ber 1 was never built. The fourth proposed main 
ditch bas since been constructed by private capital. The total cost of 
these canals, colony and company works, which it was estimated would 
cost $20,000, have actually l'eq uired $400,000. In the district served by 
tile Cache la Poudre, which is known in Colorado as water district 
number 3, the total of irrigated land is estimated at 108,000 acres, of 
which the Union Colony proper and the subsequent settlers within its 
area claim 52,000 acres. There are some 50 ditches in the district. 
The largest amount of water flowing over the canon weir at the head of 
the stream is reported at 7,000 cubic feet per second. In 1888 the great-
est amount of water reported was 1,700 cubic feet per second. The 
maximum disch~rge in June, 1889, was 1,804 cubic feet per second. 
The lowest volumes named will give a service of water of 1 cubic foot 
per second for 60 acres. In spite of all the economy now practised in 
tile use of water in the region under consideration, it is very evident that 
as much more runs to waste by reason of loss at the sources of the 
streams and by seepage from the ditches while being conveyed to the 
fil3ld, than is consumed in the actual process of irrigating the same. The 
important crop in this portion of Colorado is that of potatoes, the freight 
shipmeuts of Greeley being from 1,500 to 2,000 carloads per year. 
The success of the Greeley Union Colony was soon reported and widely 
apprehended. fts founders and some of its members were well known 
as journalists, and interest was concentrated and maintained upon the 
efforts they were making. .At the same time, in California, more interest 
was being aroused in the intensive cultivation of the soil by the aid of 
irrigation. The lower foothills region of central California had already 
prod need fruit of such degree and quality as to attract considerable 
notice. In the valley of the Sacramento, and the counties formed out of 
the San Francisco Bay region, the culture of the grape had already suc-
ceeded it to a large degree. The valley of the ~an Joaquin was then, 
to a limited extent, being made available for wheat-growing purposes. 
In Southern California proper, fruit culture had already begun, but 
stock raising remained the main industry of that section and of the San 
Joaquin Valley. The extensive introduction of alfalfa as a forage plant 
was, without doubt, a chief cause of the irrigation enterprise inaugurated 
by Messrs. llaggin and Carr in Kern Uounty, which is formed out of 
the lower portion of the San Joaquin Valley, and bounded on the west 
by the coast range, on tbe east by the Sierras, with Mount Whitney as 
its culminating center, and southward by the range which separates the 
San Joaquin Valley from Los Angeles, San Bernardino, Orange, and 
San Diego Counties. The construction of the Sou til ern Pacific Railroad 
during the seventies unquestionably stimulated the interest of large 
land owners in the possible reclaimability, by means of irrigation, of 
the vast San Joaquin Valley. In 1874 Congress authorized the appoint-
ment of a commission to investigate the possibilities of reclamation in 
the valley proper, and also to inquire into the character and the progress 
of irrigation in India. Elsewhere in California, individual farmers, fruit 
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growers, and viticulturists, were steadily enlarging the area of their 
uri gated fields and orchards. The wheat ranches of the central portion 
of the San Joaquiu and Sacramento Valleys were rapidly encroaching 
upon the stock and sheep ranges. This also brought about the forma-
tion of a number of water companies. In the lower counties of the State 
there was a marked change from grain and alfalfa to orchards and vine-
yards, but for want of a sufficient market the movement made but slow 
progress. In all cases the use of water for artificial distribution on the 
soil was shown to be an absolute necessity. 
Two colony movements occurring in California during the first half of 
thP. decade from 1870 to 1880 may be taken as the initial points of the 
preseut wonderful industrial and horticultural development now in prog-
ress in Oaliforuia and elsewhere west of the 100th meridian of longi· 
tude. The first of these movements was that by which the town and 
colony of Riverside, the greatest singlp, center of orange culture within 
the United States, was founded. The other movement was the estab-
lishment of the o:dginal raisin-grape and fruit-growing colony at what 
is now the city of Fresno. Tbe Riverside colonists were generally East-
ern people who were desirous of escaping the rigors of the Atlantic 
dim ate, and who were urged also to the step by the interest aroused by 
the success of the Union Colony at Greeley, Colo. Fresno Colony was 
organized by Californians, several of the founders being school teachers 
employed by the city of San Francisco. Both enterprises have achieved 
marvelous success. The foundations of success at both Fresno and 
Riverside has primarily been the cultivation of the rich soil under al-
most perpetual sunshine and equable temperature, and the use of ar-
tificial application of water to the land through irrigation works. 
The general progress of irrigation was slow, however, throughout 
the arid west between 1870 and 1880. In Utah the direction given to 
farm settlers by reason of the 1\lormon organization and its economic 
skill, enabled them to make a steady ad vance throughout the decade. 
The striking growth at Uiverside in San Bernardino County, of Fresno 
and Los Angeles Counties, yearly attracted more attention in the State 
of California. In the foothills region, through the decision of the courts 
not to allow the emptying of tlle debris or H slickens" into the rivers, 
hydraulic mining received a permanent check, and considerable impetus 
was also added to both agriculture and horticulture. This has been 
especially tlle case in the lower counties or outlets of the San Joaquin 
River. In Colorado there had grown up large irrigation enterprises in 
Arapahoe and Weld Oounties, marking the advent of successful agri-
culture in that State. Wheat growing became a prominent feature of 
its production. In New Mexico the advance of railroad enterprise 
made larger demand upon its primitive agricultural methods. The 
change arising in Ualifornia from the new fiscal conditions put in opera-
tion by the constitution of 1880, compelled the investment of capital in 
irrigation works in order to make the laud with which the owners were 
weighted more valuable. The general condition in 1880 of the arid 
region was such as to give warrant in some degree to the declaration 
that its cllief use must be that of stock raising. Railroad enterprise 
has had. much to do with changing this view. In the new northwest 
section a considerable portion of the area so rapidly developed was 
blessed for several years with sufficient rainfall for agricultural security. 
Large settlements began in the more favorable portion of a region 
afi'ected climatically by the topography of mountain lines and ranges. 
On the Pacific coast the iucrease also of its trunk line railroad facilities 
began to create a market and enlarge the demand for the more valuable 
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products of its soil. So mew hat Blow ly, but assuredly, interest increased, 
as the necessity of irrigation to maintain successful cultivation became 
~'early more obvious. 
SETTLEMENT ON THE G RE.A.T PLAINS. 
In the first part of the present decade population poured in upon 
the Great Plains region. The earlier years of sufficient rainfall were 
followed by periods of drought, in which a large percentage of the 
success previously achieved was destroyed. Reaction set in, and for 
a time it appeared as if the entire Plains region would have to be 
given over to cattlemen; but slowly, however, the cattle range busi-
ness is changing as the pressure of population continues with more or 
less vigor, and ranchmen are becoming unable, east of the basins 
of the Rocky Mountains at least, to command large areas of natural 
grass land. This pressure is also driving out inferior cattle. This slow 
change from large ranch to smaller cattle farm, brings with it an in-
creased understanding of the needed water supplies for the purpose of 
raising forage plants and grasses sufficient for the new form of pastur-
age and management. Isolated irrigation enterprises of considerable 
importance, however, began to grow in valleys like the Arkansas and 
North Platte, east of the Rockies; in the Yellowstone and its tributa-
ries in the Northwest; in the Snake and Salmon Valleys of Idaho, and 
elsewhere on a smaller scale throughout the arid region. By 1885-'86 
irrigation as a mode of cultivating the soil had begun to assume re-
gional proportions and to impress itself upon national opinion and po-
lity. This effect was seen in the adoption of action by Congress looking 
to the reservation of sites for reservoir and storage basins. For the 
past four years discussion on this subject bas become a matter of famil-
iarity to the whole country, and does not need to be dwelt upon in this 
report. Attention is called to it only to show the importance of the 
problems involved and the methods to be pursued in the cultivation 
of the soil by irrigation. 
The visit of a Senate Special Committee on Irrigation in 1889 to the 
arid portion oft be country and the subsequent conflict that arose over 
its report and recommendations, has bad the effect of crystallizing to a 
very large extent public interest in this subject. ..Accompanying that 
discussion, there has also arisen a remarkable debate over the limits of 
the productive powers and agricultural possibilities of our arable areas. 
It is affirmed with great positiveness that a comparatively short time 
will see the limit not only of our power to export agricultural products, 
but even to supply the rapid increase of our own population. Irriga-
tion, then, as a mode of cultivating the soil and still more as a means 
of fertilizing it and thereby largely increasing its productive capacity, 
is bound to become a considerable factor. 'fhis will be true without 
relation to the correctness of the position assumed in regard to future 
ability to supply our own people. The evidence taken everywhere 
shows that the production of grain can be doubled by means of irriga-
tion within the arid region over equal areas within humid States; that 
the production of root crops and garden vegetables can be increased 
from five to ten fold over the sa.nie crops elsewhere, and that in the 
production of special products over large areas where the climatic con-
ditions are favorable to them, aridity aside, the sections possessing 
constant sunshine, and soils laden with mineral elements, will have 
through irrigation an ad vantage and security no other region on the 
continent can possess. This will prove to be true, not in horticulture 
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alone, but also in the raising of enormous crops of sug·ar, tobacco, hemp, 
and otCter articles of value in the markets of the world. 
CHARACTERISTICS OF IRRIGATION PROGRESS. 
At the present time the position of irrigation enterprises, development 
and cult~ivation thereby, show certain marked characteristics. Among 
these the first in importance is a decided tendency towards a division of 
large holdings of land and its more or less rapid disposal in quite small 
bodies. Throughout the Southwest and the Pacifie coast region within 
the past three years the owners and holders of large areas of land, ob-
tained usually through the Spanish land grant system, or by purchase 
from railroad land grant owners, or in some instances by the workings 
of the desert land act, are all exllibiting a desire to subdivide their 
property. In proof of this we have but to recognize the facts found in 
Merced, Fresno, Kern, Tulare, Los ~\.ngeles, San Bernardino, and San 
Diego Counties, in California. vVe can see the same desire at work in 
New Mexico and Colorado, where large holdings of land have heretofore 
been sought. In western Texas also the same feeling prevails. Some-
thing of this is owing to the de\elopment of Uormon settlement in 
Utah, where the largest arable fa.rm is only 200 acres in extent, while 
only a dozen or so are found in the Territory of that size. Among Mor-
mon farmers proper the holdings will range from 5 to 20, the average 
seldom exceeding 7 or 8 acres in extent. The cont.inued increase of 
travel to Southern California and Lhe proofs of tile value of small farms 
under irrigation, has also had somet,hing to do with the general de-
velopment, but t.he fact remains that irrigation distinctly tends to es-
tablish the necessity and profitableness of small farms. 
A close examination of tile records of the General Laud Office points 
strongly in the same direction. Attention has elsewhere been called to 
the fact that the returns of entries made during the past two years 
will show that the average homestead taken up on the public lands, 
within the arid regions, ranges, according to diif'erent localities, from 
140 acres down to 50. The reason for this is obvious. Irrigation in its 
more primitive form compels the rsettlers to hold possession at points 
where arable land can easily be reached by water taken from a natural 
stream or spring and distributed by gravity through the rude ditches 
or other means at their command. The care and attention required, 
which is amply repaid by the results of irrigation, is such as to forbid 
the pioneer farmer from holding large bodies of land unprofitable to 
him. One cause of depression in the region east of the foothills has 
arisen from the desire of occupants to bold more land than they could 
mauage with profit. Settlers have taken up homesteads, filed on a 
preemption quarter, and added thereto a timber culture claim, thus 
makin~ as a rule in the Great Plains region three-quarters of a section 
of land to one occupant. With a few head of stock, a small amount of 
money, and two or three favorable seasons the majority of them suc-
ceeded in mortgaging these claims in the hope and with the desire of 
farming on a large scale. The summer drought has prevented growth, 
the hot winds have burned their growing grain, and in the course of a 
short period such men, overloaded with land, have become bankrupt 
and abandoned their settlement. Millions of acres in this way have 
been thrown back upon the mortgage, loan, and trust companies, by 
whom money is usually advanced to pay the preemption fees and other 
needed farm capital. Other settlers have followed and learned the same 
lesson. Each retiring wave leaves behind it, however, the hardier 
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elements of population, though consisting very often of those who have 
not the means to get away. 
Along the railroad lines and in the river valleys these settlers are 
learning the value of smaller farms. As the artesian wells investiga-
tion has shown, they are seeking water by every means possible and 
sinking wells in all directions. The necessity as well as the aptitude 
of these Americans will force for them a road out of their difficulties; 
one sure way will be for them to moderate desire for a large acreage. 
An incident was told to the members of the Senate Uommittee on Ir-
rigation in 1889 which illustrates this position. At the junction of the 
North and South Platte, in Nebraska, a body of land bas been placed 
under ditch, forming thereby the most easterly example of irrigation 
on the continent. One of the promoters told this circumstance: A 
young man employed at North Platte in a store had bought and made 
the first payment on 80 acres of t.be land to be reclaimed. He was not 
a farmer by occupation and had no further money wherewith to begin 
life or to till the land. Seeking the advice of the narrator it was sug-
gested to him that he might cultivate (by planting cabbage) 2 acres 
favorably situated from the percolation of the main ditch. Out of his 
wages as a store clerk he bought seed and hired help, placing his 2 
acres under cultivation. At the time the committee was in Nebraska 
the young man had just sold, in the ground, the product of his 2 
acres of cabbages for $500 per acre. All over the region the ordinary 
farmer had failed miserably to obtain a decent harvest, yet a large 
majority of them had attempted to cultivate many acres, usually, too, 
with seed bought on trust. The young irrigator secured money enough 
to complete the payment for his 80 acres and to start in business, while 
learning a lesson in utilization of his land to the best purpose that he 
will never be likely to forget. 
It is a self-evident result of the interest now being taken in irrigation 
·throughout the Great Plains that the pioneer farmer will have his atten-
tion turned from exten~ive attempts at indifl'erent cultivation of large 
grain fields to a more intensive cultivation on his homestead of land 
favorably affected by water supply. Small areas will feed his family, 
support his stock, and leave him some surplus without debt, thus tend-
ing steadily toward securing independence for himself and them. It is 
not improbable also, as current developments show, that there will be 
more cattle, horses, and sheep of finer grades upon the plains region in 
a few years than is at present the case. In proportion to both popula-
tion and stock, under the development of a steadier water supply and 
of its artificial distribution there will be equally as marked an increase 
of cultivation and production. Irrigation works and supplies will be 
largely localized; they will be a necessary adjunct rather an indispen-
sable requirement. 
Everywhere in the past year an increased tendency of irrigation en-
terprise has been that of the subdivision of the land. Those interested 
in the loaning of money on land are among the most energetic in their 
conviction that the small farm, well irrigated and made secure by a 
needed storage of water, is a much better risk for capital than large 
and shabbily cultivated farms that are subject to sporadic droughts. 
A notable feature of the past year is that which is seen in the interest 
taken by the mortgage companies doing business east of the foothills. 
In North and South Dakota these large operators have made it clearly 
lmown that they are prepared to invest to a considerable extent in the 
development of artesian and other water supplies for farming purposes 
if only they can be made, as is suggested, reasonably sure of the ex-
S. Ex. 53-2 
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tent, permanency, and power of the water supplies ~hey desire to aid in 
developing. Individual farmers are also energetically pursuing the 
same end. 
A great number of artesian well projects are ,now under way as com-
munity enterprises, being conducted under authority of law which 
gives the counties in South Dakota the power to issue bonds for the 
purpose. A State board of irrigation has been organized to act with 
the State engineer of South Dakota, in order to insure the purchase 
of machinery at reduced rates and their transportation over the rail-
roads at merely nominal rates. In western .Nebraska, in which pub-
lic interest has been but lately aroused, great local activity is being 
displayed, and under the presence of the Department's chief geologist, 
Prof. Robert Ilay, and the able special agent, ~f. W. Gregory, for the 
division of Kansas aud Nebraska, this interest is being well directed. 
There is a large region south from the Niobrara to the Republican 
River in northern Kansas, wherein the phreatic waters are known to 
be abundant and with their plane quite near to the surface. A regu-
lar fall to the eastward will enable the distribution of water to be made 
with comparative ease in that direction. No great amount of mechan-
ical power will be required to lift such phreatic waters to points whence 
they may be more readily distrihuted. A very remarkable develop-
ment is sure to be seen within the next year or two in the basin formed 
by the Republican, the Frenchman, and the tributaries of the North 
and South Platte. This area covers a large section of contigu.ous ter-
ritory in Nebraska, Kansas, and Colorado. 
In the valley of the Arkansas and south thereof, in Kansas, a much 
more hopeful feeling has· recently arisen. The State census of 1888, 
and the recent national census, show a considerable decrease of popula 
tion in the counties of Kansas lying west of the ninety-seventh meridian. 
The development of the undersheet water in the valley of the Upper Ar- · 
kansas now in progress has greatly encouraged the people of that 
fertile section. In the Qxtreme southwestern counties of the State 
lying between the Upper Arkansas and Cimarron, the facilities found 
for obtaining water by drilled and bored wells at very moderate depths . 
has greatly animated the llopes and aroused the courage of those who 
have remained there in spite of the droughts. The wheat crop is 
always the prime crop of our newer western region, and that, too, in , 
spite of the failure of rain. The yield in south west Kansas, even with 
the past severe season, has ranged from 15 to 30 bushels per acre. The 
fall sowing shows an area nearly double that of 1889. 
A striking feature of the situation in western and southwestern 
Kansas is seen in the formation, through the various land, mortgage, and 
trust companies of a great land syndicate for the purpose of developing 
the water supply of that country, and thereby gi'i'ing permanent return 
for capital they have invested. These loan companies have already 
bad thrown on their hands 1,000,000 acres. It does not appear to be 
their policy to foreclose mortgages, but in many cases they have been 
compelled to buy titles from mortgagors who have deserted their places. 
Plans for insuring a water supply sufficient to make the grain crops 
secure are now, it is stated, being perfected by competent engineers. 
The syndic~te will endeavor to put one-fourth, or 250,000 acres, of the 
area under wheat in the ensuing· spring. They will divide the farms 
to be thus ~ultivated among the seve1al counties in western Kansas 
and eastern Colorado in which their lands lie. They will drill for water, 
construct underflow works, establish storage basins, make ditches, 
experiment with pumps, and dig the necessary distributaries. Agents 
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will be appointed for each farm. In this way it is expected that settlers 
will be encouraged and stimulated to new exertions, while the rise in 
value of the syndicate lands will also increase, it is urged, that held 
by the individual farmer. The intention is not, it is assumed, to hold 
these lands in large bodies, but, on the contrary, to invite immigration. 
Having pointed the way to security by means of their investment in 
irrigation works, the syndicate expects to make rapid sales of the lands 
they are now weighted with. This at least is the view presented by 
their friends. 
The tendency to divide irrigable lands into small holdings is also seen 
in Colorado and throughout the Northwest. It is becoming manifest in 
a marked degree in New Mexico, where among other tracts the well 
known Maxwell graut is being subdivided into small farms. The rail-
road lands in that Territory are to be brought into market in the same 
way. A very remarkable development of irrigation enterprise has taken 
place in the Pecos Valley, southeastern New Mexico, a fuller account 
of which will be found in the statement of the developments in that ter-
ritory. This whole region until three years since was given over to the 
cattle ranchmen. From Roswell south the valley of the Pecos is being 
rapidly settled. Irrigation works of large extent are already in exist-
ence and more are being constructed. Projectors and promoters are 
earnest, it appears, in their efforts to subdivide the land, and they are 
wise therein as a business policy. None of it is valuable for varied 
farming or for horticulture without irrigatiou. On the H staked plains" 
and in southwest Texas, at the many points in which irrigation is now 
being tried, the same tendency to small holdings is seen. It is also the 
case in Arizona, where the policy of the desert-land act has been for 
years most stoutly maintained. In the valley of the Salt River espe-
cially, now developing most rapidly into one of the most remarkable 
fruit regions, the decrease in size of the farms has been quite marked 
in the past few years. 
SMALL FARMS AND COLONY LIFE. 
The most astonishin g development of the small farm and colony life 
which irrigation so ra pillly tends to produce, has been seen in Califor-
nia during the past 10 yean~. What the efl'ect may be on the average 
holding of that State under the present census can not now be esti-
mated. In 1880 500 acres was the amount per capita for California. 
Two years since it was estimated at 300 acres. This development is 
not confined to southern California, but bas, within the past 4 years or 
less, manifested itself strongly throughout the State, except in some of 
the wheat-growing counties. It has reached its largest development 
so far, within the most favored fruit section. A land sale that took 
place quite recently in San Bernardino County illustrates the progress 
of the small farm. At this sale, conducted by a company which has 
constructed irrigation works in a field heretofore regarded as unprom-
ising, over 8,000 acres of land were dis posed of at an average rate of 
$66.34 per acre. Of this land 2,000 acres was disposed of in 10-acre 
lots; nearly 1,400 acres were sold in 20-acre parcels; a few other sales 
were made at 40, 50, 6.0, 70, and 80 acre divisions. Two bodies of 700 
acres each and one of 170 were sold to speculative parties. Nearly all 
the lots sold above 20 acres each were purchased by Eastern people. 
The California purchasers, who know the advantages of compact village 
life and horticultural settlement, contented themselves with smaller 
purchases. This is an example, on a little larger scale a~ to Qne enter-
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prise, of a great many that are going on all over southern California 
and in the San Joaquin Valley. These fruit-growing settlements are 
advertised by their promoters as colony enterprises. They are seldom, 
however, cooperative in character. 
The great ranch system which grew up in that State out of the Span-
ish and Mexican plan of land holding, and of the railroad land-grant 
system, by which the Southern and Central Pacific roads have been 
created, has broken down of its own weight. Over 12,000,000 acres 
were, till quite recently, held almost unbroken under Mexican grants 
within the southern counties alone. Disintegration and division is in 
very rapid progress just now. During the past year in the counties of 
Merced and Kern, for example, the owners of great bodies of land and 
costly water systems have bet>n actively engaged in promoting irriga-
tion and in the sale of their land in small bodies for fruit farm purposes. 
In Merced County one of the principal holders of such land and water 
privileges asserted in 1889 that it was the owners' intention to hold on 
to the land in large bodie~ and cultivate it, either directly or by tenants, 
for wheat and other field crops. Since then the same interest has 
organized colonies in Holland, and brought a considerable number of 
settlers therefrom, selling parcels of land to them of from 20 to 100 
acres in extent. In that county alone there are now some 10 of these 
community or colony enterprises under way. In Kern County, where 
the first California irrig~tion operations upon an extensive scale were 
begun and carried forward, the land and water owners interested have 
been for the last year actively promoting the sale and subdivision of 
their great estates. Four fruit colony settlements are already under 
way through their efforts. Three other colonies have been inaugurated 
in another portion of the county, whose water supplies are obtained 
from an artesian basin of the most remarkable character. This basin is 
fed by the drainage of the Sierras, the culminating point of which, Mount 
Whitney, lies directly to the east of its location. 
In Tulare County, still the most extensive wheat-growing section of 
the San Joaquin Valley and the State, a region in which but a few 
years since there appeared to be no room for horticulture or even agri-
culture upon a paying basis, there is now a growing and rapid division 
of the land into fruit-farm areas. The tendency throughout the whole 
region is in this direction-that of thickly settled communities, living 
in comfort and even in luxury npon very small bodies of highly culti-
vated land. In the western part, at Hanford, and along the eastern slope 
of the coast range, a section in which development has been heretofore 
very slow, there is now a rapidly growing increase of irrigation works 
and supplies. In San Luis Obispo, a coast county heretofore devoted 
mainly to eattle and grain, and which claims not to need surface irriga-
tion in order to insure agricultural success, there is also a rapid growth 
in fruit farming, chiefly prune culture. At Hollister and some other 
points in that county, large irrigation works, however, are being estab-
lished. Several land enterprises, divided into holdings of from 10 to 
20 acres, are in operation. In Ventura County the same tendency is 
also seen. In Santa Barbara, to a certain degree, small orchard hold-
ings have long existed; but not until recently has the organization of 
horticultural communities as such, obtained a foothold there. In the 
counties of Los Angeles, Orange, San Bernardino, and San Diego the 
growth of fruit-farming communities has been a most notable feature 
of the last few years. It began with the success of Riverside, Pasa. 
dena, Pomona, and other of the older settlements. There are about 
two hunq.red of these prosperous hives of comfort, fertility, and beauty 
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of surrounding, within the boundaries of what is known as southern 
Oalitornia. These are not boom towns, but places in which much work 
and high cultivation have already secured success. San Diego County 
is now being developed under this plan of operations. All of these set-
tlements owe their existing prosperity to the water supply, which en-
ables them to irrigate lands otherwise arid. 
EFFECTS OF IRRIGA.TION IN CALIFORNIA. 
The growth of population in California during the past decade will 
illustrate, not alone the economic importance of the cultivation of the 
soil by inigation, but the social significance of the changes which such 
methods of cultivation tend rapidly to produce in farm life and habits. 
Under its influence striking changes are going on in the character of 
that State. During the past 10 years California has gained at the rate 
of 39 per cent. in population. The cause of that gain can be seen when 
it is known that thirteen counties of the State have lost in population 
from 1 to 73 per cent., while :fifteen, including the most important irri-
gated areas, have grown more rapidly than the State at large. In the 
counties that have fallen back, mining, stock-raising, and lumber in-
dustries have heen the principal support. ln the :fifteen counties that 
have increased so largeJy, farming pursuits under irrigation have be& 
come the chief feature of their development. The total population of 
the State in 1880 was 864:,552. In 1890 it was 1,203,969. The gain in 
t.be eleven counties most deeply interested in irrigation has been over 
753 per cent. The percentage is as follows: 
County of- Per cent. 
Fresno ...•................................••••........•.••••.....•......• 228 
!Cern . . . . . . • • • • • • • • . . • • . • • . . . . . . • • • . • . . . . . . . . . . . . . . . . . • . . . . • • • • • . • • . • • • • • . 79 
Los Angeles .•••••...•..••..•....•.••..••••••...............•..•.•••••.••• 234 
Merced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 36 
Orange ................................................................... 244 
San Bernardino ...•.•.••••....•.••.•.......•..•.•••.....•.•.•..........••. . 227 
San D1ego ................................................................ 295 
San Lnis Obispo.......................................................... 77 
Santa Barbara . . . • • . . . . • • . . . • . • . . • . • • . . • • • • • . . . • . . . . • • . • . . • • • • • • • • . • • • • • • • 66 
Tulare .................................................................... 120 
Vsntnra .....•.••..........•••••.......... · .....•.••••.•..••.•..••.•••••••• 98 
These counties comprise those affected directly and indirectly by the 
growth of irrigation enterprises and horticultural progress. Taking 
the six counties of southern California p1oper, to wit, Santa Barbara, 
Los Angeles, Orange, San Diego, Ventura, and San Bernardino, and 
the increase of population will be-
In 1880 . . . • • . . . • • . • . . • . . . . . . • . . . • • • • • • • • • • • • • • • • • • . • • • • • . • • • • • • • • • • • . • • • • • 64, 378 
In 1890 ..••••.•••••••••••.••••••••••.••••••••••••..•••••••••••••••••••••.• ~02, 974 
An increase for the last decade of .................................... 138,596 
The counties in northern and central California which have main-
tained and increased their population will also be found to have been 
favorably affected by the tendency that irrigation bas so developed. 
Another evidence of the value of this form of farm life may be found 
in the banking statistics of California. There are 232 banks in the 
State. Of these 28 are in San Francisco and 63 in the southern coun-
ties. Putting aside the San Francisco bank statement, it appears that 
the 63 banks bad on the 1st of July, 1890, of cash on hand, $6,264,000; 
the remaining 141 hanks, scattered over the State, held as cash in band 
only $9,265,000. The State at large shows $26 in cash to each inhabi-
tant. Southern California, however, shows $31 to each one of its popu-
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!ation. Leaving San Francisco and southern California out of account1 
the average cash per capita elsewhere would be $11. The deposits of 
the San Bernardino banks show an average of $93 to each man, wo-
man, and child within the county. It is claimed that the property of 
the State will give an average of $9,000 to each family. These figures 
are presented in illustration only of the remarkable tendency towards 
small farming which irrigation produces everywhere, and of thA still 
more remarkable results as to security and prosperity which, under • 
favorable circumstances as now developed, has followed its progress. 
VALUE AND ECONOMY OF IRRIGATION OVER RAINFALL. 
The difference between irrigation and ra.i nfall as economic factors in 
production was forcib1y illustrated at the California State Horticultural 
Society's meeting in 1889, in a paper read by L. N. Hult, of San Ber-
nardino. Some writer bas said recently: 
Too much attention has hitherto been given to the chemical conditionsofsoilsand 
too littla to the physical conditions by which moisture and air are supplied to the 
roots. 
Some propositions made by Mr. Holt seem to illustrate this statement 
quite forcibly, as, for example, when he called attention to the fact that 
in Florida the rainfall annually exceeds 50 inches, or over 4 inches per 
mouth. In San Bernardino Oonnty the average for 19 years of the 
month of January, which is the wettest month of the year in southern 
California, has been but 3.36 inches. At the first blush it will be sug-
gested that the remedy, if any were needed, would be to apply, it 
possible, the Florida rainfall to the conditions of San Bernardino. 
On the contrary, however, the horticulturists of Florida are consid-
ering the necessity of constructing works and applying irrigation 
to their orchards. They assign as a reason for this the fact they 
are unable to obtain their rainfall at the period when it is most 
needed. The irrigationist in California or elsewhere commands wa-
ter, if in control of a sufficient supply, just at the time when his 
crops require the same. The value of irrigation, whether in dry 
or humid sections, for fruit, garden vegetables, and meadow lands, 
at least., can not be doubted. The illustrations already given of the 
Yalue of fruit crops in California, the success of which iR dependent 
upon the artificial application of water to the soil, can not be disputed. 
A wheat field in Iowa or Illinois would probably not pay the expense 
of irrigation. Indeed, grain crops hardly pay the cost of irrigation 
within an arid region. 'rhey may pay because the product is necessary 
for the community, but as a business, unless in regions affected by nat-
ural subirrigation and with soils of a porous character, grain will soon 
be left for other and more paying crops. With regard to fruit, vege-
tables, or other special products the examples of Colorado, New Mexico, 
central Utah, portions of Idaho, and eastern Washington, and the Salt 
River Valley, in Arizona, combined with the great results already 
achieved in California, there can be no doubt. Mr. Holt says that the 
"superior orange is not the result of superior soil, but the result of 
superior climate, of which the rainless dry summer is the principal 
factor." 
The semi-aridity·of the Great Plains region, which has been a marked 
feature of the last 3 years, has caused a loss of 20 per cent. on its 
productions. If the fruit crops, then, of the arid States, especially 
California, were entirely dependent, as are the wheat crops of the 
Plains region, upon the irregular natural water supply, the enormous 
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loss that would follow can be easily appreciated when it is remembered 
that peach and apricot orchards, etc., return a net profit of at least 
$100 per acre; the wine grape and the table grape one of $150; the 
rai~:dn gTape from $200 to $250; and oranges at least $300 per acre. 
The loss of 20 per cent. on such crops would reach a very large sum. 
lrrigatron with such soils and under such circumstances makes pro-
duction as certain as that of the wea\·er, the iron-molder, or the shoe-
maker. The sun~1Ji11e is there, the soils are fil1e<l with fertile elements, 
and the water, when stored above or below ground, made rich by nitro-
g-en, microscopic fungi, and other ferUlizers drawn from earth and atmos-
phere, will, combined with the skill of the cultivator, rob agriculture of 
the uncertainty that has heretofore belonged to it as a pursuit. 
Mr. Holt asserts that the water supply lu southern California has 
been in many places largely incrPased during the past few years. In 
some it has been more than doubled by artificial means and this <le-
velopment is goiug on rapidly. The artificial progress is thus conclu-
sively stated by one whose valuable experiences enforce his conclu-
sions. 
The wate:r supply during the past few years has been materially increased and in 
manv places more than doubled by artificial means, and this development i~:~ going 
on to-day at a. rnpicl rate. 
First. The naturnl flow is being saved by the construction of conduits (pipes and 
cement canals), which save all the water in the streams and put it where it will do 
the most good. 
Second. The natural flow of our streams is being increased by running tunnels 
under the Led of the streams to take the underflow which otherwise is lost. 
Third. Artesian well~:~ are being sunk in large numbers and large irrigation sys-
tems are bting formed and an abundance of water is being obtaineu from this one 
sonrce alone, which is adding millions to our wealth and thousands to our popula-
tion. 
Fourth. Storage reservoir~:~ are being successfully built. There are at present 3 
large reservoirs completed and filled with water. The first attempt was the Bear 
Valley Reservoir in San Bernardino County. It is a gran(l success, and no one can 
look into the future far enongb to see the vast acreage that reservoir will eventually 
hrigate.: The Gnyamaca and the Sweetwater Rest>.t·voir in San Diego County were 
next completed, both of which are more than meeting the expecta,tions of their pro-
moters. The Hemet Lake Rest>rvoir nenr San Jacinto and the SanLuisRey Reservoir 
are both in process of construction, and others will follow. This shows the artificial 
increase ofirrigating water. 
Btlt the increase of which 1\lr. Holt speaks is not alone found in the 
artificial metho<ls of conservation. He in<lorses the claim made in the 
eastern Great Plains region to the effect that the cultivation of the 
soil on a large scale has bad strikiug results in increasing the rainfall. 
It is a question whether this statement, taken by itself, can be con-
sidered in any large degree correct, but the general drift of weather 
records where the period has been long enough to warrant their 
divi.:lion' into periods of equal years, seems to support Mr. Holt's posi-
tion. Along the center from north to south of the Plains region this 
presume<l increase has been assumed by some authorities to be fully 
equal to 3 inches per annum during the latter half of periods ranging 
fi'om JO to 15 years each. It must be borne in mind, however, that 
everywhere the records have been better and more carefully taken dur-
ing later years. Local rainfall has, it is probable, been favorably 
ilfl'ected by cultivation. Changes in the temperature of the earth 
through moisture drawn from both below and above and retained in the 
veins and fibers of the plants, to be afterwards shed forth again, has 
greatly affected the temperature of the atmosphere lyi11g nearest to the 
earth. In this way the low-lying local r ain clouds that are affected by re-
gional topography and other conditions will necessarily be more evenly 
24 IRRIGATION. 
and equally distributed over the drainage areas in which they fall. It is 
such phenomena as this which justly give rise to the idea of the local 
increase of rainfall in regions recently brought under cultivation. 
Mr. Holt averages the rainfall of San Bernardino for the past 19 
years, a careful record having been kept for that period. Dividing it 
into sections of 9 years each and leaving out of count an incomplete 
season, Mr. Holt states the result as follows: 
During the first 9 years of the 19-year period the rainfall averaged 15.20 inches 
each year, and during the next period of 9 years the average annual rainfall was 
17.44, an increase of 2.24 inches per annum. 
The increase is not very much, hut it reaches 15 per cent. of the an-
nual average, sufficient at times ·to turn failure into success. Mr. Holt 
continues: 
Thisincreased rainfall becomes more valuable when we show thatitisfonndinthe 
spring of the year when most needed. During the first 9 years we find the aver-
age rainfall in March 1.07 inches, while in the second 9 years it is 3.15 inches. 
The rainfall for April also increases from 0.67 of an inch to ~.64 inches; and in May 
the increase has been from 0.23 of an inch to 0.68 of an inch. 
It is well enough to note also in this connection that the rainfall of October has 
not increased, while that of November bas been somewhat less. The principal in-
crease of rainfall appears to have been during the months of Marcl1, April, and May. 
While Mr. Holt acknowledges that this period of observation is too 
short to make these deductions certain, he still feels himself safe in call-
ing attention to them and in declaring that, in his opinion: 
Tbe time is not far distant when practically every foot of arable land in southern 
California will be brought under successful cultivation by using water for irrigation 
where irrigation is necessary_. 
What has held true in southern California will most certainly prove 
true in some degree throughout the whole of the arid region. 
AREAS OF LAND RECLAIMABLE IN SOUTHERN CALIFORNIA. 
How important such a conclusion must be if the facts shall warrant 
the same, may be seen in the statement that the arelt available in the 
five counties of southern California, not including what is known as the 
desert region, that may be cultivated for fruit by means of irrigation is 
not less than 2,000,000 acres. Mr. T. S. Van Dyke, of San Diego, di-
vides these acres as follows : 
County of-
San 'Bernardino .....•••••.•.••.••••••..•..•..•••••.•.•....••••.••••• 
San Diego ...•...•.........••••• ·----· .•••••.....•.•.•..••.....••••• 
Los Angeles and Orange .•.••..•••••.....•...•...•••••.•....•••••••• 
Ventura .....••••...••.•••...••••.•.•......•.••....••••..•••.•.••••• 







Total . • • • • . . • . . . . . • . • • . . . • • • . . . . . • . . . • • . . . . • • • • • • . . . . • • . • • . • . • 2, 050, 000 
Against Mr. Van Dyke's estimate Lo~ Angeles claims a much larger 
area and credits San Diego with less, but between the authorities 3,000,-
000 acres may be taken as the total reclaimable area. At an average 
profit of $200 per acre for fruit and Gther special crops-which is rather 
below than above the yield of fruit lands in that section-the reclama-
tion of the 3,000,000 acres alluded to wouid within 5 years make an 
annual return of $600,000,000 to the income of the community. Mr. 
Van Dyke declares: 
The amount of land available in southern California for the production of all 
kinds of fruit is a thing that few even ofi.ts oldest residents have any idea of. Every 
year sees thousands of acres of vineyard and orchard shining upon land that the year 
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before everyone supposed nature had designed only for brush or cactus. Every 
year sees thousands of vines and trees come into the full bearing of abundant and 
perfect fruit upon gravel and bowlder washes, wastes of cobble stones, etc., that but 
::$ or 4 years ago the poorest seeker for a home on the public lauds would not 
touch. So every yr:' · HPes water brought higher and higher over the country, and 
thousands of acres\\ uich must have irrigation, and which with water are the most 
valuable parts of the whole, are being yearly reclaimed. Southern California is 
getting more water than ever before, is entering upon an era of water development 
that will cast the past into the shade. This is of far greater importance than the 
discovery of new land, for it is the irrigated sections that will produce the greatest 
amount of wealth, and maintain upon the market the highest standard of products. 
HORTICULTURE .A.ND IRRIGATION. 
The farm value of the fruit trees raised in the United States is not 
less than $180,000,000. Our annual imports of fruits and nuts may be 
estimated at a value of $20,000,00(); just about the amount that France 
spends annually in aid of her agricultural development. Our total ex-
ports will not exceed one-tenth of our fruit imports. Of oranges we 
import not less than 1, 750,000 boxes; of lemons, 2,275,000; of raisins, 
more than 2,000,000 boxes of 20 pounds each, and of figs, 8,000,000 
pounds at least; the value of prunes imported can not be less than 
$800,000. The 3,000,000 acres of laml, which Mr. Van Dyke claims can 
be reclaimed in Southern California alone will produce of the finest of 
fruits enough to wipe out the difference between our present exports 
and imports of such production. This fact alone is a sufficient warrant 
for the practical interest manifested in the progress of irrigation. It is 
evident that California alone could supply all of the temperate and semi-
tropical fruits and nuts that are now consumed in this country. Recent 
reports claim a commercial shipment for 1890 equal in value to $10,000,-
000. Of prunes, 15,000,000 pounds; raisins, 40,000,000 pounds, and of 
oranges 40,000 car loads, have been shipped out of the State. Nor is 
this all of the benefit arising from special culture and intensive farming 
by means of irrigation. Our wine imports exceed in value $7,000,000 
annually; yet California bas about 225,000 acres under wine-grape 
culture, and exports wine to Europe to be brought back and sold in our 
own markets as of Frerich origin. The product for 1890 is estimated at 
15,000,000 gallons. We can not only supply our own tables, but we can 
vastly increaE-\e that market by an increase of the fruit area. We can 
export and compete with the best fruit countries of the world, and ere 
long we shall probably be found doing this successfully. Our fruit area 
under irrigation is not confined by any means to California, either cen-
tral or southern, coast range, or foothills. Colorado, for example, is 
now one of, if not the chief of apple-growing States of the Union, area 
being considered. In other fruits of the temperate zone its production 
is still advancing. 
In the great empire growing up in the Northwest the most valuable 
fruit land is now being developed in areas requiring the artificial appli-
cation of water to the soil. In eastern Washington, along the river 
valleys and foothills that separate that State from Idaho, a great 
stretch of semi-humid lands exist, in which the culture of temperate 
fruits, small berries, and valuable garden products is already being 
brought to a high degree of perfection. At Boise City, Idaho, the dis-
play of fruits in the orchards already existing there is, simply astonish-
ing as to size, quantity, and quality. At Missoula, Mont., in the Bitter 
Root Valley, as the peach~ pear, plum, and apple trees ripen, it is a com-
mon sight to see the branches propped up by heavy timbers in order 
to prevent their breaking with the weight of fruit. Table grapes of 
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the finest quality are also produced there. In the valleys of Salt River, 
Sauta Cruz, and the Lower Gila, semi-tropical fruits are being brought 
to a degree of early perfection and ripening that is simply surprising 
to the horticulturist. And our capacity for special culture of thi:::; char-
acter has but just begun to be understood. In the neighboring .Republic 
of Mexico some sixty varieties of delicious fruit are grown. One-half of 
these or more are unknown to our palates, and they can all be raised 
to perfection in the southwest section of the Union. In Texas the Rio 
Grande Valley for 100 miles below El Paso, under Mexican settlement 
and rule, was found to be an excellent fruit country, producing, as the 
western si<lt~ in Chihuahua now does, the finest of l.Vlission grapes and 
other fruits. The Mesilla Valley, in southern New Mexico, has been a 
laud of fruit trees and vines for the past 200 ye~rs. Its yield is now 
increasing yearly and the market is abundant. In the Pecos Valley, 
to the east of the Rio Grande, the cui tivation of fruit has just begun. 
It is claimed for this region, as also for a large portion of the Staked 
Plains in Texas, tllat special crops of this character, and of ganlen 
products a.lso, ripen earlier than in California, and have at present ~ 
nearer market. 
Of the 100,000,000 or more acres of land that may . be reclaimed 
within the arid region it can fairly be assumed that one-fourth at least, 
or 25,000,000 acres, can be utilized for the production of specialized 
commercial crops. All of this land is to be reclaimed by the artificial 
storage and distribution of atmospheric aud phreat.ic waters. Surely 
it is worth something to the whole country to know where these waters 
can be found and to show where and how they may be utilized. What-
ever may be held as to the advisability of special surveys aud public 
construction, the need of gatllering and presenting this important 
information can hardly be denied. It is in this direction chiefly that the 
value of irrigated land within the boundaries of our present public 
domain will be most largely seen. 
The question of general farm competition is settling itself. Take 
California, for example, as a wheat-growing State. Three years since 
California had nearly 2,800,000 acres, producing over 30,400,000 bush-
els. The past year the cereal crop ha,s been about 27,000,000 centals. 
The average value of the wheat product per acre was about $7.50. 
The difference in favor of the Eastern farmer's contiguity to markets, 
etc., is estimated at about 30 cents per bushel. In an address before 
the State Horticultural Society the Ron. M. P. Chipman declares that 
the yield per acre in California has fallen oft' at least 28 per cent. within 
eighteen years. He estimates its average as below that of the United 
States as a whole. It is claimed therefore that to raise wheat for the 
world's market is comparatively unprofitable farming, and that fer-
tility and production are alike diminishing. Forage plants, especially 
alfalfa, is much more valuable when combined with the raising of fine 
stock. But a very large proportion of the area devoted to wheat in 
California can profitably be transferred to fruit culture, with a differ-
ence in favor of the grower in net profits of from $100 to $300 per 
acre. In 1874 Vaca Valley contained 4,500 acres devoted to wheat and 
alfalfa. It is now planted to trees and produces an annual profit of 
nearly or quite $200 per acre. Land worth $60 in 1874 sold for $600 
in 1888. At Newcastle, Placer County, Cal., among the foot-hills, 
wheat. land worth five years since from $5 to tlO per acre is now sell-
ing for fruit-growing purposes at from $100 to $200 per acre. Wheat 
lauds in Merced County, under ditch two years since, selling at from 
$25 to $40 per acre and renting for half these figures, are selling no~ 
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for fi·uit purposes at from $60 to $150 per acre. At Bakersville, Kern 
County, a similar cluwge from alfalfa and wheat to vines and fruit trees 
has trebled the -value of the laud. In the whole San Joaquii~ Valley, 
the vineyards average but ~l3 acres each. 
One of the most striking evidences of all this change under the magic 
touch of irrigation is that exhibited by Fresno County, in the centre of 
tlle San Joaquin Valley, Oalifornia, especiall,y that portion of it lying 
adjacent to Fresno OiLy. In 1871 a colony of 500 persons settled there 
and laid out 5,000 acres in small vineyards, for the purpose mainly of 
cultivating the muscat or raisin grape. This colony, begun on the 16th 
of .February, 1871, is the most prosperous, with the exception perhaps 
of Riverside, now existing in California. The same settlers that bought 
and planted 5,000 acres of land, paying $2.50 per acre, became the sup-
porters of the Fresno Canal and Irrigation Company, which then had 
a length of about 40 miles of main and lateral ditches. In 1870 there 
were less than 5,000 people; in 1890 there were over 100,000. There 
are 25,000 residents in and around Fresno City. More than 20 colo-
nies, large aml small, are located there, and 20,000 acres of vineyards 
are directly tributary to that place. In 1890 there were 16 main canals 
in existence with a length of 7 bO miles. Tlle laterals had about the 
same mileage, or 1,500 miles i.n all. About 360,000 acres are nuder 
cultivation in tpe county. The entire area would be worthless except 
for occasional crops of wheat and sparse cropping for cattle, without 
the ad vantage of the systems of irrigation in vogue. Their cost is 
estimated in 18 90 at $1,500,000. The acreage in cereals is given at 
300,0 .. 0, in grapes 30,000, in orchards 3,000, in alfalfa 20,000; the re-
maining 7,000 acres being utilized for small products. In 1870 the 
cultivated area would have been sold at a high figure if $1,000,000 had 
been paid for jt, It is probably worth $30,000,000 at this time. The 
raisin grape hegan to bear in 1873, and 6,000 boxes of 20 pounds each 
were shipped that year. In 18~3 2,800,000 pounds or 140,000 boxes 
. were shipped from Fresno Ci.ty. In 1890 the crop was at least 18,000,-
000 pounds or nearly 900,000 boxes. Land unimproved with water 
sc:>lls at the present time at from $50 to $100 per acre; improved and 
"under ditch" at from $100 to $300 per acre. The cost of water-royalty 
is included in the land, which remains, therefore, inalienable from it. 
The annual cost of maintenance averages 62~ cents per acre. vVithin 
the year 1890 irrigation districts have been formed in Fresno county 
under the Wright laws, the bonds for the construction of which works 
are about to be issued. Under tbese laws the company and private 
works now in existence will he assessed or condemned, and be paid for 
out of the proceeds of the bonds. This system will result in a large 
increase of irrigable area. 
In California horticulture is in great part the result of irrigation. 
This is especially true of the culture of citrus fruits, raisin grapes; to 
a large extent also of wine grapes and of the deciduous trees throughout 
southern California. 'l'he fruits of the tern perate zone and the culture 
ofthe prune-one of the largest fruit projects of the State-is aecom-
plislled, as a rule, without the direct application of water to the land 
on which the trees are grown. Natural sub-irrigation is but just being 
understood within the irrigable region as necessary for the successful 
cultivation of these fruits. 
RIVERSIDE AS AN ILLUSTRA'l'ION. 
The commercial value as well as other social and economic facts of 
crops grown under irrigation are forcibly illustrated by the re·sults of 
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fruit culture. In California it may be broadly declared that horticul- . 
ture is practically impossible without natural or artificial irrigation. 
The former is mainly by means of the underflow or drainage waters. 
In the northern and central portions of the State the fruits of the tem-
perate zone mature with but little application on the surface of water 
from ditches, or other means of irrigation. The prune, one of the great 
crops of California, grows to it greatest perfection in the coast section, 
where the surface is everywhere underlaid with water and the rainfall 
is more abundant than elsewhere, though evaporation and seepage is 
quite as acth·e as in the semi-tropical part of the State. New products 
of commercial value, such as the olive, .fig, English walnut, and other 
d~ciduous fruit trees, are found to flourish well and yield abundantly, 
beiug irrigated only in the earlier period of the tree's growth. 
The two California fruit crops which forcibly illustrate the special 
value of irrigation are the raisin grape* and the orange. The history 
of the latter culture in southern and central California, especially 
-~he former, is of greatest significance. That California could grow 
oranges to perfection has been demonstrated for more than 100 years. 
Tlle Padres and ranchmen of Spanish or Mexican times cultivated it 
successfully, but the actual production as a commercial factor began in 
southern California, with the settlement of Riverside in 1870 as a col-
ony by Bastern people under the management of the late Judge North. 
At that time the site of Hiverside was occupied by an Indian village. 
The largest owner of land thereabout plearled with the board of equal-
i?.:ation for a reduction of land taxes to 75 cents per acre. Some of the 
same land is now held as high as $15 per acre. Without artificial con· 
servation and distribution of water, Riversirle, like other prosperous 
settlements of San Bernardino County, would have no real value for 
farm purposes. It would have taken 800 acres of its area to support a 
ranch man or hunter, and-25 to poorly feed 1 broad-horned steer. About 
6,000 people now live in the greatest comfort, even luxuriously, on 6,000 
acres of land. Within the range of cultivated land in America there 
will be found no settlement more closely worked and subjected to more 
intensive farming, presenting no more striking features of beauty in 
landscape both natural and artificial tv the acre, and returning a la.rger 
result for labor, skill, and enterprise. Of this cultivated area, 3,000 acres 
are in oranges, the oldest trees being 15 years of age, while thousands 
are but just fruiting. During the year 1889 there was shipped to mar-
ket as the product of these 3,000 acres, 1,480 car-loads of oranges and 
lemons. The value on the track per car is given at $800, making a total 
return for the shipments of $1,184,000. These figures give the net 
return per acre of $395. Since 1880 several additions have been made 
to Riverside, and the area of all is now about 12,000 acres. The entire 
population is not less than 8,000. There are 750,000 citrus trees owned 
and cultivated by 660 persons. The culti\·ation of the muscat or rai-
sin grape occupies a large area, and gave a return during the past 
year, with other fruits, of about $700,000. A moderate estimate of the 
fruit shipped from the Riverside settlements and sold in the markets of 
the country and of the world will give for the past year a return of 
$1~800,000. The larger estimate made puts the total at $~,500,000, which 
will give an average value of over $2:200,000. With 8,000 acres, esti-
mated as bearing commercial fruit, the return will average $300 per 
acre. 
• See appendix -for paper on r~isin growing. 
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The county assessur's returns give the following areas actually occu-
pied, with the number of trees found thereon: 
Citrus aoreage. 
Trees. Acres. 
~~:I:: i fiEJ: EEl o~~~~~:: ~ ~::: ~:::: ~::::: ~:::::: ~:::: ~::::::::::: ~::::::::::: ~ ~ 





Total fruit bearing...... . .. . . . . . • .. • . . . . .. .. .. .. .. .. • • . .. . .. • .. .. . .. . . • • • . . 470, 761 
:>range trees-
Planted in 1890 ......................................................................... . 









TotaL ............................. --·-·; .............................................. 1, 213,17~ . . 
Daciduous j1·nit trees. 
ir::;~~~:::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~ :::::: 
Peaches .......................................................................... . 
Olives ........................................................................... . 
.Apples ......................................................................... .. 
Walnuts ........................................................................ . 
Figs ............................................................................. . 


















Total . .. .. .. .. .. .. .. .. . .. . • . . . . . .. . . . . .. . • . . . . . . . . • . . . . . . .. . . . . . . .. . .. . .. . . . 67, 783 655. 2 
Vines: 
Raisin grapes ........... --~ ............................................................. . 
\Vine grapes ............................................................................ . 





Total ........... ~.. . .. . .. .. . . • • . . .. • • .. .. .. . .. . .. .. .. .. . . . . • • .. .. . .. . . . . .. • .. .. .. . . . . . . 2, 190 •• o 
The original cost of the land upon which these valuable crops are 
raised it will be very difficult to estimate. It certainly does not exceed 
from first to last over $100 per acre, or $1,200,000 in all. This does not 
include the cost of improvements by way of dwellings~ etc., which must 
nearly double the value. Tile total cost of the works for the original 
settlement of Ri\·erside will be about $80 per acr-e, or, in round figures, 
$500,000. For other works, pipes, pumps, cana s, and artesian wells, 
the total cost will be about $1, lOO,OOO, making· in all $1,600,000 or a 
fraction over for the whole 12,000 acres embraced in the five Riverdale 
settlements of $100 per acre. The maintenance of the system is a com-
paratively small item. It may be seen by these statements, which are 
rather above than below the mark as to the cost of land and works, that 
2 years' production at Riverside would return a profit of 15 per cent. 
at least, on the average totality of outlay. Of course the present values 
of land to the later purchasers and occupants give au entirely different 
balance sheet. Even with these high figures a large return is secured, 
as, for example, a purehase was made in the wit1ter of 1889-'90 of a 10-
acre orange orchard, all of which was in hearing; the cost of the land and 
trees to the purchaser was $1,000 per acre. The crops sold divided be-
tween two grades of oranges, one for $1,750 and the other for$1,250, mak-
ing a return of $300 per acre. U IHler this percentage of returns the pur-
chaser of tllese 10 acres would inside of 4 years receive $2,000 more than 
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his original outlay. During the past year the yield per acre from citrus 
orcbardsatRiversiderangedfrom$1,000peracredown to $261.80. These 
figures cover the net and not the gross profits, as the cost of cultivation, 
etc., are all deducted before the amounts are giYen. All these result..-; 
are from the primary application of water by artificial means to the soil. 
Blessed by unremittent sunshine, by the clear dry atmosphere common 
to the arid country, with land that has gathered for untold centuries, 
the fertilizing qualities of the rocks and soils around about, and manip-
ulated also by an intelligent cultivation rarely to. be found, the student 
of the new agriculture finds at Riverside abundant evidences of the 
benefits to be derived from irrigation, and striking proofs of the fine 
social life that is being created by such conditions. 
SP .A NISH AND MEXICAN LAND METHODS. 
The Spanish conquerors of Mexico, coming as they did from a land in 
which irrigation bad been practiced from time immemorial, brought 
with them an appreciation of the relations of water, land, and cultiva-
tion within regions tha~ were arid in character. They were therefore 
prepared to understand the habits, customs, and laws of the Indian or 
·indigenous population, which were of a similar character, only more 
communal in form. The rulers of Mexico incorporated the Spanish law 
of " servitude," and tile same has been maintained by 1\Iexico as an in-
dependent government. Under it water is the property of the King or 
goverumeut, subject to beneficial uses for the people. This includes 
both running and subterranean sources of natural water supply. When 
the Spanish forces had occupied what is now the northern states of Mex- ~ 
ico, Lower California, Arizona, and New Mexico, a portion of southern 
Ooloratlo, the whole of Texas, part of the Indian Territory, and a strip 
of land in southwest Kansas, Charles V, Emperor of Germany and 
King of Spain, issued a decree in which the following paragraph occurs: 
If in that which is already in the Indians there sbould be any places and districts 
S9 good that it may be proper to found settlement, and any person should make ap-
plication to settle and reside in them, in order that with a greater will and profit they 
mny do so, the viceroys and presidents may giv~ them in ourn!lrue lands, house lots, 
and waters, in conformity with the disposition of the land. 
While large areas of land were granted away to leading Spaniards 
and Mexicans, an extensive system of colonization was also projected. 
Along the Hio Grande within the Territory of New Mexico, Colorado 
in the counties of Conejos a11d Costilla, as well as in portions of south-
·west Texas, these colony grants obtained a vigorous foothold. After 
the :final establishment of the Republic of Mexico in the third decade 
of this century, the colonization laws and regulations were greatly im-
proved, becomiug a, more complete system, exceedingly well adapted 
to the people for whose benefit they were intended, and also to the 
character of the country they occupied. Surveyor-General Hobert. of 
New Mexico, in discu'ssing the land-grant system of that Territory, 
says as to the colony grants that the governing ideas always were 
that to any one without land hinds should be giveu as long as the 
Government baa unoccupied land, and that it was better for the nation 
that ''the cou11try should be settled and the land reduced to private 
ownership." Generally the lands and waters were assigned to each 
person ''in conformity with the tlisposition of the land, by an inferior 
officer (alealde) sent with them for the purpose." 
The chief result of such community settlement would be the forma-
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tion of a ''placita" or village center with the land on either side. 
Usually the colony would be located in a narrow valley with a mountain 
rang·e side. Generally, too, it would be where the mouutains on one 
side come closer to the river or stream than on the other. The other 
requirement sought was to be land with a natural slope for drainage. 
Ditches would be taken out, say on tile side of a stream and of the 
occupied lands, close to the bench or foothills-only the valley or 
"bottom areas" are thus occupied as a rule-so that the water would 
by gravity serve the fields. The river on the other or north side would 
he tapped directly by lateral as needed. The village or placita would 
be in the center of the selected area. On either side would be long 
narrow tracks running acro~s the valley from one supply to the other. 
In the placita each colonist would have a home lot; in the settlem~nt, a 
farm lot. 
From the outset this system was recognized as a necessity, and that 
the water needed for the cultivation of the soil must be artificially 
stored and distributed. The surYeyor general urges that these facts be 
now recognized in settlement of all such land titles. The water supply 
was carefully drawn from the river by mea us of an "acqueia" or main 
ditch of the colony. Each mau bad his turn; when the necessity for 
use arrived be would cut the bank with his hoe and the water poured 
forth. His plat of land having been previously prepared in squares, 
marked oft' by slight ridges tilat were raised with the spade, water was 
made to pass from square to square as each in turn became saturated, 
beginning with the upper and ending with the lower. Mr. Hobert says: 
From the nature of this cultivation his laud must extend from the acqueia down-
ward, as the land slopes; and so farms that look all out of shape to Lhe Eastern man 
are the almost universal custom here. And they are more apt to grow narrower than 
wider; for if a mau who owns a strip 200 yards wide and one-fonrth of a mile long 
dies, leaving four children, then each of them, without will or deed, but simply be-
canse every one so understands it, becomes the ow11er of oue fourth of it-that is, of 
a strip of the full length and 50 yards in width. Again, the owner of one lot may, 
on marriage, acquire another lot. Then he goes 011 cultivating the two without 
seeruing to try to get his 110ldings consolidated. 
This form of settlement was not only adapted to the soil and water 
supply, but sel'ved to aid and secure a. defense necessary against Indian 
marauding. 'rhe irrigators living together about a plaza were enabled 
to rally quickly in case of an attack. Under the regulations of their 
grant eYery man waR required to lJe supplied with arms and horses for 
nse in protecting the community. A systew of local laws and regula-
tions has 11aturally grown up out of this system, as under it the colouists 
conduct and maintain" acqueias" by united labor and as common prop-
erty .. They provided for a" majordomo" or watermaster for the super-
vision of ditches and distribution of water. In some instances tile 
original colony grant includes also the land for 10 or 20 miles on either 
8ide of the colony or community. Such extended grants specify that 
tllC laud given was for the common benefit of the settlers, to furnish 
them with pasture and wood, to give an. opportunity for the increase of 
tbe settlement by offering land to newcomers and persons born therein. 
rhe Mexican idea has always been that such newcomers or additions 
to the population by ~irth should, under proper circumstances, be pro-
vided with lanu out of the public domain. The efi'ect of this policy has 
been to make a considerable population, which, with special customs, 
small farms, and peculiar habits and environments, form a remarkable 
feature of our southwest region. 
When General Kearney first occupied tlre valley of the Rio Grande 
there were not less than 100,000 persons residing in the valley from 
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north to south, located in colonies such as have been described and suc-
cessfully cultivating the soil by irrigation. 
The Indian pueblos, 18 or 20 in number, also found in the same Terri-
tory, were made secure in their lands by the control as public property 
of all na,tural waters within the boundaries of their communitv. The 
salt springs and their supplif5s are also public property. As is 'the rule 
in all distinctively arid countries, access to natural waters for man aud 
domestic animnls can never be denied. Elsewhere in Arizona and in 
southern California, smaller communities of both Indians and Mexicans 
were found as the region passed under the control of the United States. 
The present area farmed by Indians under irrigation aggregates at 
least 26,000 acres. There is something to be learned from these facts. 
Heclaimable land within the arid region can hardly be secured in the 
rectangular shape which our system of surveys has elsewhere found so 
admirable. Small mountain basins along narrow valleys, broad mesa 
lands, and that of the higher plateaus, require a mode of subdivision 
different from that of rectangular townships and sect.ions. The con-
trolling feature of any system of equitable and economic survey therein 
must be the water supply. Experience has determined that as a rule 
subdivisions of land must be much smaller than those now in use under 
our homestead and other public-land laws. 
CONSERVATION 01:4' LAND AND W A'l'ER REQUIRED. 
In the valley of the Rio Grande, that of the Salt River, Arizona, in 
southern California, Nevada, Utah,and elsewhere,40, 20, or even 10 acres 
of public land may form a far more valuable homestead that 160 acres of 
open prairie might do in the humid sections of our national domain. 
The pastoral character necessarily requires the strictest consideration 
of the scant water supply which is still found appropriated therein. 
The absorption of such water supply upon the public domain by means 
of preemption and homestead filings upon that portion of the land which 
may bold a few springs or a large water hole, and thereby securing a 
monopoly of the only water for many square miles, has become a fruit-
ful means of monopoly, enabling, it is affirmed, the wealthier and more 
enterprising cattle raisers to control without purchase and for their own 
private ad vantage the exclusive use of great areas of public land. Nat-
urally cattle farmers elsewhere, who buy and pay for their lands, are 
indignant at such unfair competitions. A conservation of the })astoral 
water supply as public property, so as to maintain control of the grass 
lands, seems to be the first step towards a remedy. The experience of 
the citizens of our neighboring Republic of Mexico, of the wealthy colo-
nies that have grown up on the Australian continent, of foreign states 
that are largely engaged in cattle growing and sbeep raising, as well 
also as the universal experience of all communities, ancient and modern, 
within arid regions, point to the ne~essity of maintaining public control 
and careful conservation of the natural waters found within pastoral 
areas. 
The most successful utilization and reclamation of irrigable areas 
within our public domain bas grown out of the establishment of colony 
and cooperative life in some modified form. It is quite certain, then, 
that more rapid progress in reclamation will be secured through a sys-
tem of land laws which will suhdivide the irrigable areas by homestead 
divisions of from 20 up to 160 acres, according to location and adapta-
tion to fruit, vegetables, cereals, and forage plants. Encouragement 
might, with profit to the nation aud to the settlers, be given to laud 
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colony projects having a cooperative basis of action. The irrigation 
district system already referred to and now in vogue in California, 
could within the remaining Territories of the United States be enacted 
under a general law. In this wise the public· land would become, as 
now only in smaller divisions, the property and prize of the homestead 
settler. The patents for such lands should be held until the settler had 
repaid the cost of providing the water needed for irrigation, without 
regard to the source from which came such cost or credit. The selec-
tion of irrigal.>le areas could be then made in accordance with tlle nat· 
ural water supplies and the facilities for obtaining the same. The sur-
veys required could be made under the administration of the General 
Land Office, whose deputy United States surveyors might also be re-
quired, but at little adrlitional outlay, to do a great deal of the primary 
hydrographic topography required within the arid region, ~y taking 
notes and recording on the township plats the width, depth, etc., of all 
natural water sources, with the elevation and volume of all springs or 
other supplies in sight. The great mass of facts that can be obtained, 
a knowledge of which is necessary after determining the availability of 
an area for irrigation, may be acquired and published at a little cost and 
largely in advance of settlement. The more important data relating to 
~limatology are also attainable under administrative machinery now in 
existence, or which, if necessary, could be slightly enlarged to meet 
the requirements of reclamation. The weather service bureau with its 
official and volunteer observers can readily be made to meet the duties 
of extended irrigation observations. Related services and experiences 
can readily be obtained. from those divisions of the Department of Ag-
l'iculture which are charged with such work of observation and experi-
ments as relate to propagation, botany, pomology, fore~try, mammalogy, 
and other departments of agronomy. In this wise, and by other simple 
and economical extensions of existing service, the needed work of irri-
gation inquiry and information could go forward steadily, aiding the 
settlers and advancing the common progress of the whole people. 
~'HE PHREATIC OR DRAINAGE SUPPLY. 
Owing to the demand made by the people of the plains region for 
some legislation tllat might favorably affect their knowledge of the ex-
tent and capacity of the artesian basins and their waters with which a 
large portion of their States are known to be endowed, a great interest 
has been aroused during the past year in the matter of subterranean 
supply for irrigation purposes. But considerable antagonism bas been 
manifested and continued against any action favorable to these demands. 
This opposition· was found not alone among those who are a.l ways in 
doubt as to the value of any new suggestion, but it came also with or-
ganized activity and a large degree of force from other sources. That 
which arose from fear was due to the misapprehension felt among older 
farming communities that a low rate market already overstocked would 
be unfavorably influenced by such competiti0n as the security to be 
obtained through irrigation by the farmers of the Great Plains might 
create. It had its effect on legislative action as well as upon public 
opm10n. It is, however, rapidly disappearing. But the chief antag-
onisms to which the artesian and underflow inquiry bas been subject 
are founded on feelings not so worthy of consideration. One set of 
views belongs to the reg-ion of learned prejudices. It speaks as if with 
authority by the mouths of those whom we have regarded as teachers. 
For example, an expert declaration was made in 1880 to the efl'ect that 
S.Ex. 53-3 
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forest trees could not be successfully cultivated upon the trans-Missouri 
prairies and plains, yet 4 years later about 30,000,()00 such trees were 
growing upon the plains of western Kansas and ~ebraska. It is uow 
reported that about ten times as many are growing in the region west 
of the 1\iissouri River and east of the foothills. Again, it was asserted 
"by authority" that out of the public lands remaining in 1880 not over 
11,000,000 acres were arable or fit for farming purposes; certainly not 
without the use of water artificially applied. That area would, it was 
asserted, be exhausted in three years thereafter. 
Since that statement was made at least 25,000,000 acres have been 
brought under plow and sown to gra.in, whose harvest results adJ gn~atly 
to settlement, trade, and wealth. And about 30,000,000 more acres have 
been occupied and much of it cultivated since the report referred to was 
made public in 1880-'81. It is the assumption that what is not known 
to us can not posRibly be known at all;, that is the greatest of stumbling 
blocks. It bas been also assumed that the arid region, or as much of 
our public domain as lies beyond the one hundredth merWian of longi-
tude west from Greenwich, was only fit, to a large extent, for the use of 
the cattle raiser :and the sheep rancher. It was proposed to effect the 
division and sale or leasing of this arid region in considerable portious 
to the ranchmen for cattle ranges. Yet the years are dividing the large 
ranges, and smaller cattle ranches and forage farms are rapidly taking 
their place. In the same period, over the same region, 25,000 additional 
miles of railroad have been constructed; to the population at least 
1,500,000 persons have been added; six of the feeble Territories exist-
ing in 1880 are now young but v-igorous States of our Union. Not less 
than a billion of dollars has been placed to the credit side of the nation's 
ledger. Another assertion has been made to the efl:'ect that large bodies 
of pflblic lands have been or may be fraudulently occupied within tlw 
arid region because of a <lesire to secure possession of water storage 
sites. An examination of the records show that land entries therein 
average much smaller for each area, counting even the desert land fil-
ings, than the average of entries on public lands within the humid 
States. It is also seen that the average of entries in the arid region 
since October, 1888, has not exceeded 75 acres per settler or entryman; 
while if the desert land entries are exclude<l, and they are not over one· 
fifth of the whole acreage entered, there would be an average of less 
than 50 acres to each homestead, preemption, or timber-culture claim. 
This is important as illustrating a marked tendency. In arid regions 
and irrigable areas the holdings will necessarily be small., But the nega-
tive decrying has not been the most noticeable of the criticisms made. 
Another misleadmg influence has been at work. Elaborate propo-
sitions 1ooking to alleged schemes of reclamation have angered the 
settler by attempting a long prohibition of his presence on the public 
lands, and aroused the bitter opposition of the tax-paying farmers by 
the endeavors to secure large sums of money annually i.n order to pre-
pare against them a vast amount of competition. At least that is the 
way it looks to the agriculturist. Far different from the e1fort to with-
hold from homestead settlement our public domain, to deforest or re-
forest in advance our mountain summits and slopes, to checkerboar<l 
before occupation the who1e area with a vast array of artificially 
arranged drainage basins or a great projection of reservoir sites and 
high line canal routes, is the proposition of those who stand alike for 
the communities of the Great Plains and those to the west thereof. Out 
of the realization of the fact that the .American settler goes where be 
will even if he go wrong, anll that the pioneer "is always with us," 
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comes the work placed under the care of this Department -that of in-
vestigating and presenting the facts in relation to the possibilities of an 
atmospheric and phreatic water supply, which properly developed will 
give security to the agriculturists of our semi-arid section, and bring 
aid and help without mucll cost to the enterprising Americans who are 
occupying, using, and reclaiming the more directly arid region. In the 
work as projected under your direction there is no effort to lay the arid 
west on a Procusteau bed of theory, and still less is there any purpose 
of presenting the costly spectacle of a regional system, articulated and 
jointed before use to suit the theories of projectors or administrators. 
The investigations ordered by Congress follow the plain American way 
of giving the facts and letting the people do both their own thinking 
and planning. 
THE ARTESIAN WELLS INVESTIG.A.~ION. 
It is this which brought about the artesian wells investigation of 
the })ast year. lt has also sustained the wisdom of the legislation which 
ordered the inquiry coutinnetl. It is br~nging to public knowledge by 
careful and thorough inYestigation and by study of the information ob-
taiued an astonishing array of facts as to the existence and availability 
of a great water supply, that can be readily made useful in irrigation 
and for the cultivation ·of the soil, outside of a permanent storage sys-
tem, which without question will some day be created and maintained, 
to serve the needs and demands of human industry and progress. 
The artesian wells investigation lms in a comprehensive report re-
corded tlle existence from nortll to south across a considerable portion 
of the Great, Plains region of some 1,400 tlowing artesian wells, and of 
the presence of at least four times as many more of small domestic and 
farm wells showing artesian pressure and giving for domestic and stock 
purposes and to some extent for agriculture a very large supply; the 
value of_tbe record made hy tllis iuvestigation consists even more largely 
in the conclusions to wlliclt it reasonably leads. Foremost of these 
muRt be that relationship of the great contiuental ranges to the plains 
and foot-hill sections witllin which the wells already examined have 
beeu found. 
SOME OF TilE Pl~OBA.BILI'l'TES. 
It will be sren b.v au cxaminn,tion of the maps prepared for and pub-
lishNl by tue artesian wt:>lls iuvrstigation report* that from north to 
south a basin or basins of artesian water of great power and volume 
have been struck and are now operating, through 1,400 wells or more, 
in an area, not to exceed in geucrallOO miles in \'\' idth. There are wells 
on the plains and in the foot bills east and. weRt of the belt defined, but 
tbey have distiuct hydrogl'aphic and topographic features of their own. 
Within the developc<l artesian regions it will be found that the deepest 
aud most permaH~ll t wells ba\'e, taking topographical "dip" and 
4i trend" into consideration, an almost uniform depth from north to 
south, a colJSidel able sameness of temperature, volume, pressure, chem-
ICal character, and flow. This arP'ues that tlley come mainly from one 
general source and have about the same degree of hydrostatic pressure. 
If the investigation of the past year bad accomplished nothiag more 
than to brh1g this encouraging series of facts to the attention of the 
struggling settlers and of all thm:e interested in their maintenance and 
success, tbat would alone have been worth all it has cost. But this is 
uy no means more than tue beginning of a remarkable addition to our 
*Senate Ex. Doc. No. 222, :Fifty :F'ir6t Congress, first session. 
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knowledge of physical f~atures and facts relating to our semi-arid and 
arid domain. The investigation bas opened up a great vista of eco-
nomic possibilities and engineering development. The engineer and 
the geologist engaged in the work are confident that the source of sup-
ply for the artesian wells now flowing will mainly be found in the drain-
a~e of our continental range-the Rocky Mountains. The same obser-
vations which governed their opinion of the Northwest bold equally 
good for similar conclusions as to the center and the Southwest, as far 
at least as concerns that portion north of the Rio Grande boundary. 
UTILIZATIONS PROPOSED. 
The practical business men as well as the home-seekers have not been 
slow to perceive the significance of the important facts brought to-
gether by the artesian investigations past and present. As the result 
of their understanding the irrigation progress of the past year on being 
summed up will have to make record of many projects of enterprises 
tllat are now under way for the utilization in agriculture of the artesian 
and otller subterranean waters west of the ninety seventh meridian. 
Iu North D<tkota interest is now centered upon the prospect of ob-
tailling more deep wells and of storing water from the wells sunk in 
the glacial drift of the Red River Basin. Several hundred of these 
wells, all of a secomlary character, are found in that section. Very 
little artificial application of water is necessary for the security of crops, 
but that little is needed very badly and during most years. Water 
has been found along the line of the Great Northern Railroad and at 
very moderate depths in the Milk River Valley. ~rhere is very little 
doubt felt tllat artesian water to a considerable extent, though at ~:?Orne­
what great depths, may be obtained from that vast reservoir, the 
Dakota sandstone, filled as it has been for unknown cycles from the 
vast precipitati<ln falling on the Rocky Mountains and draining through 
the upturned edges of the :stratum into the water-conserving roc.k below. 
Whether or not this artesian supply can be economically utilized as 
well as abundantly obtained in the northerrl' and western portions of 
the State of North Dakota is a problem that yet has in it large elements 
of uncertainty. A system of surface supply upon a large scale, fed by 
the waters of the Upper Missouri, meets much attention and consider-
able favor in North Dakota. 
OVER-DRAINAGE OF 1.'HE NOR1.'HWEST. 
One suggestion has been made of such significance as to command 
attention in a comprehellsive consideration of the progress of the irri-
gation discussion and projection. It is found in the statement that the 
tendency is toward over-drainage in all the hydrographic basins of the 
arid West. Tbe character of the upper soils and strata are such as to 
accelerate erosion. Tbe treeless character of the region helps this. The 
<leeper, therefore, the river channels are cut in their broad or narrow val-
ley regions, the more certain is it that the drainage areas related thereto 
will be depleted of their waters and the more rapidly will the land be-
come of a positively arid and irreclaimable character. It bas been 
seriously suggested, and by intelligeut observers, that under preseut 
conditions every mile of levee in the Lower Mississippi Valley becomes 
an added menace to the farmers and dwellers along the valleys and on 
the plains and table lands of the Upper Missouri region. The more 
freely, therefore, in tl1is view of the case, that the Mississippi shall run 
unvexed to the Gulf, the more barriers are raised in the way of the per-
manent prosperity of the extreme Northwest. Those who present this 
view (and it is merely presented here as a part of the case) are mainly 
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advocates of the establishment by the general Government and by their 
own States of a great system of storage reservoirs and canals. Some 
are even going so far as to talk of combining navigation wit.h irrigation. 
The records of the Weather Service and ofthe Army engineers in charge 
of rh·er work and its observations are all intimately related, so far as 
this region is concerned, to the problems thus slightly outlined. The 
volume of supply in the Upper ~Iissouri waters has the most direct re-
lations with the volulne of discharge at the mouth of the Mississippi. 
A still more important series of facts are those which relate to the 
amount of precipitation over the hyrlrographic basins of the Upper Mis-
souri, in connection with the volume of flow and the amount of discharge. 
According to Lieutenant 1\iaury, the precipitation of the Mississippi 
River Basin amonntsannua.Ilyto620cubicmilesofwater. Aconsiderable 
proportion of this vast supply comes from the great northwestern 
mountain system through the Missouri River and its tributaries. The 
-amount of loss, according to Maury, is equal to 1 in 6, His esti-
mate of the discharge in the Gulf is lmt 107 cubic miles. This leaves 
513 such rniler::; to be accounted for. If we allow one-half of thh; huge 
volume to the western portion of the drainage basin we shall open a 
great field of speculation. The ratio of drainage or outflow to rainfall 
is given by other authorities as follows: The Missouri, upper and 
lower, gives at its outlets but 15 per cent. of the precipitation which 
falls over its drainage basin. The Upper Mississippi is rated at the 
same figure; the Arkansas and White Rivers give a similar per cent. 
of outflow; the Ohio Rh·er presents 34 per cent.; the Red River of the 
South is credited with 20 per cent. outflow; while the Yazoo gives 90 
per cent. at its month. The Darling River in New South Wales gives 
hut 8 per cent.; the Thames 32 per cent.; the Seine 33; the Elbe 25; 
the Murray, the largest river on the Australian continent, gives only 
.24 per cent. outflow from its total precipitation. Still another proof 
of the loss of precipitation and river f:low by sources other than evap-
oration may be seen in the fact that the Upper Missouri Valley, from 
Fort Buford, Dak., to Omaha, Nebr., em braces an area of 160,760 square 
miles. The annual average of normal rainfall in cubic miles will be 
30.34, as shown by the records of 18 years. The maximum discharge 
into tbe Central Missouri Valley bas been estimated at 27 cubic miles 
annually. This would leave 12 such miles to be accounted for. A 
comparison made in another form will give for a period of 24 months 
a mean of 22.32 inches. During the same period the observed outflow 
wal'l but 4.1 inches and the computed outflow was but 5.9. 
ENORMOUS PROPORTIONS OF THE VOLUME OF RAINFALL. · 
It wonld be worth while to calculate for a few moments what is em-
braced by the volume of rainfall. 
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Four cubic inches in 24 hours will give 6,423.25 cubic feet to each 
square mile per minute. Eight inches so falling will give a volume of 
12,906.50 cubic feet per square mile. To put it in another shape, one 
inch of rainfall will give to each square mile or to one section of the 
public lands a volume of water equal to 550,400 barrels. Estimating 
the average rainfall of the Upper Missouri Valley east of the foot-hills 
at about 20 inches per annum, we shall obtain 1,100,800 barrels of water 
to the square mile. It will be necessary to have for security in the 
ripening period of summer an artificial supply of water equal to about 
five inches of tile rainfall, or 220,800 barrels to the square mile. An 
artesian well of the ordinary Dakota capacity will thus, if its annual 
supply were stored for irrigation purposes, furnish, at a flow of 100 
barrels of water a minute, 52,5GO,OOO barrels per year. It will require, 
therefore, according to Prof. Culver, upon whose authority these figures 
are given, but 7 such wells to fully irrigate one township or 36 square 
miles of land. Recalling, then, the figures of Maury and others that· 
show the difference between precipitation and outflow over and from 
hydrographic areas, we may arrive at some conception of the extent of 
loss in percolation or evaporation of the rainfall and snow water that 
falls upon the mountain, foot-bills, and plains region. Within our own 
arid section, unless in such limited areas as the Uolorado and Mojave 
Deserts, on the Paramint waste, or within the desolate bowl-formation 
of Death's Valley, the evaporation seldom exceeds one-third of the fall. 
Certainly not over 40 per cent. of the entire precipitation therein i.s lost 
through evaporation. 
THE SOURCES OF PHREATIC SUPPLIES, 
Let us take Maury's estimate of the Mississippi's precipitation and 
outflow and allow for tbe evaporation of 170 cubic miles of water per an-
num. With the output of 107 cubic miles we shall have as lost in the 
earth343 such miles. This water must form the sourceofpbreatic supply. 
The loss by percolation, seepage, or soakage can be made apparerit by 
some mining ditch records in central California. The North Bloom-
field, in Nevada Couut:y, delivering water a distance of 40 miles 
at a grade per mile of 16 feet, loses in that distance 300 of the 3,000 
miner's inches that are delivered at its head. The Milton, flowing 19.4 
miles with a grade of 19.2, loses 150 miner's inches out of 1,600 delivered 
at the head. The Eureka Ditch, traversing 30 miles and running 2,500 
inches at the head, delivers but 2,000 irwbes below. Tlw rate of trans-
mission is too rapid for any great loss in evaporation. Therefore the 
major portion must disappear by percolation into the earth. Innumer-
able illustrations of the same phenomenon could be given, but these are 
sufficient for a generalizrttion of the subject now being considered. 
THE E.AR1'H"S POWERS OF IMBIBITION. 
The earth drinks in water by absorption directly from the air, by dep-
osition at night, iu the form of dew and condensation, by direct pre-
cipitation in the form of rain and snow, by huge percolation from the 
surface, and by the bidden channelR which flow between oceans, seas, 
and lakes~ making subterranean streams and filling the veins by wllich 
the fluid circulation of the globe is carried. The enormous importance 
of the absorption of the rainfall is illustrated by Engineer Van Diest, 
in reference to the loss thereby in Eastern Colorado. He gives the ex-
tent of that seepage as equal to 5 cubic inclles over 32,000 square miles 
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of surface, equal to 784,080 cubic f-6et of water per minute disappearing 
into the ground. This amount would be sufficient to irrigate 1,200,000 
acres; that is; 1 acre in 17 of that portion of Colorado which is included 
in the artesian wells investigations. 
Another illustration of the extent of this absorption is given by a 
railroad agent at Mojave Station on the Mojave Desert, who has kept a 
rain-gauge record. In the region where he is stationed the streams 
are few and small and swiftly disappear when they reach the desert 
table-land. There are no bodies of"'' still" water, and the whole region 
has been regarded as arid and almost worthless. His record for 7 
months from July 1, 1889, to January 30, 1890, gives a precipitation 
equal to 12.47 inches. During this period the mean temperature was 
but 46° Fahrenheit, the thermometer usually ranging from 3~0 to 62°, 
:tnd the conditions, therefore, were such as to make it apparent that 40 
per cent. of evaporation would be an extravagant estimate. The bal-
ance of the rainfall disappears into the earth. In that region dews do 
not come, and from the surface all indications of moisture speedily 
vanish. Taking a.ny reasonable given space and estimating 60 per cent. 
of the precipitation as percolating into the earth, and it will be found 
that over this so-ca1led desert water had disappeared below the surface 
sufficient, if it could be reached and stored, to anywhere make an arti-
ficial lake deep enough to float a light-draught vessel; even the ter-
rible Death Valley holds on its outer rims some 30 flowing wells. One 
sunk to a depth of 5~8 feet rises above the curb some 20 feet and gives 
a discharge of 20,000 gallons each 24 hours. A majority have a depth 
of less than 100 feet each, with flows rising to and above the surface. 
In the Mojave Desert a number of artesian bores have been successfully 
sunk, and water now rises above their curbs. In the Antelope Valley, 
further south, but still a desert region so called, within the past 2 
years about 50 flowing wells have been bored and are now in opera-
tion. There are four times that number of driven wells of shallow 
depth, deriving their supplieB from the drift and erosion strata. The 
elevation of all this region is from 5,500 to 7,000 feet. These supplies 
of pbreatic waters are obtained entirely from the drainage of the great 
Sierras, by which the alleged deserts are surrounded. Below, an abun-
dant rainfall would be 14 inches as the region goes; above, on the 
Sierra's summit. the precipitation will range from 50 to 100 inches per 
annum. No artificial storage reservoirs will ever be able to conserve 
even a considerable portion of this vast precipitation. Falling as it 
will and melting as it must with torrential force and rush, a large pro-
portion of its volume under all conditions must disappear by crevice, 
rift, and chasm into the rock stratum below, and so pass to the gravel, 
bowlders, clays, and sands that underlie the alluvial. 
SURFACE RESTORATION OF SUBTEURANEAN WATERS. 
East and west of the great continental ranges, as well as within their 
uorders, ·continued and systematic inquiry and observation, with careful 
notation and deduction, are already establishing that under favorable 
conditions for restoration to the surface this earth supply will now be 
found the most favorable and convenient, locally and regionally con-
sidered, of the waters needed for the cultivation of the arid soil by 
means of irrigation. The existence of this supply has been shown by 
the work of the artesian-well investigation, and by the inquiries made 
over the whole arid region. It is estimated that in California alone, 
aud mainly along the foothills region, and within the San Joaquin 
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Valley, there are some 3,000 wells having artesian characteristics, 
either positive or negative in quality. In other parts of the State 
1,000 or 1,200 more of such wells are to be found, and 10 per cent. of 
the entire number are now estimated to be in use for irrigation pur-
poses. In the great basin embraced within the Territory of Utah there 
are over 1,800 flowing wells deriving their supply from lacustrine or 
drift deposit, the drainage of which gives them artesian character, but 
with a low pressure. Elsewhere, and under unpromising circum-
stances, the evidence obtained du-ring the year past of underground 
waters is simply surprising. In the valley of the Salmon and Snake 
Rivers, of the Columbia and other streams in Idaho, eastern Washing-
ton, and Oregon, a large nnmber of bores have been made at quite high 
altitudes, and during the year some thirty-five or forty artesian wells 
have been sunk for water, which rises with great pressure and flows 
with considerable volume. Artesian and underflow water has been 
struck and utilized by the railroad along the margins of the dead sea 
bed, known as the Colorado Desert. In the valley of Salt River, Ari-
zona, at an altitude of about 5.000 feet, a considerable number of wells 
have in the last 2 years been dug and bored, their water having the 
negative artesian quality. It rises in the bores, but not with sufficient 
force to reach the surface. 
Another evidence quite important in its way of the extent of the phre-
atic waters within the United States may be found in the records of the 
several waterworks for the supply of towns and cities. Of these works 
68 per cent. derive their supply from rivers and streams, 6 per cent. 
from surface waters, such as lakes, ponds, etc., while fully 26 per cent. 
obtain a supply from underground sources by means of wens and springs. 
These statistics show also, as a source of farm and domestic supply, a 
very great excess of wells over other m.etbods within the Northwestern 
States and Territories. Nearly one-half of similar works in the South-
west and Pacific States are also supplied from wells. The northwestern 
percentage of well supplies is stated at 75.1. Surface supplies, such as 
lakes and small streams, are of course extremely few throughout the 
arid West. There are mountain areas that will yet furnish a large lake 
supply for both town and farm purposes. The number of systems of 
water-works west of the 97th meridian, whose supply is derived wholly 
from underground sources, is as follows: 
Arizona 2, California 50, Colorado 10, Idaho 4, Montana 5, New Mexico 
15, North Dakota 6, South Dakota 2, Western Texas 13, Western Kan-
sas33, Western Nebraska 25, Utah 2, Eastern Oregon 4, Eastern Wash-
ington 4, Wyoming 5. There are a number of others projected. 
PERMEABILITY AND RETAINING POWERS OF THE STRATA. 
The porosity of thn several strata in which underground waters are 
found form an important factor in the problems of underflow and ar-
tesian investigation. One cubic foot of sand will, it is estimated, hold 
5 ga.Uons of water; in coarse sand the amount will be 2~ gallons; in 
sand and fine gravel 3 gallons; in coarse gravel and small stones 3.06 
gallons. Sand will contain, when saturated, 33 per cent. of water; 
marl will hold 15 per cent.; dry clay at least 12 per cent.; in strata, 
consisting of sandstones and limestones, chalk, etc., there is room for 
at least 15 per cent. of water. Beds of coarse graver and small stones 
will hold 33 per cent. The sand underlying the alluvium alike in the 
North and South Platte Valleys will contain nearly 40 per cent. of its 
bulk in water. Sandy soils always porous in character respond like a 
barometer to the temperature, rising or falling with the humidity of the 
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atmosphere. Prof. T. Sterry Hunt is authority for the statement that 
1 ~quare mile of sandstone 100 feet thick will contain water enough 
to flow contiuuously 1 cubic foot per minute for 13 years. The larger 
portion, em braced in the Upper Missouri basin between Fort Buford 
aud Onu-tha, is belie\·ed to be underlaid with sandstone of this porous 
a11(l water-conserviug character; its thickneHs has not been anywhere 
a~certaiued, thoug-ll tile drill bas penetrated it in parts to the deptll of 
lrom 80 to 100 feet.. There is reason to believe that the stratum is 
mnel1 det>per than Llte lowest poiut to which the drill has ,Yet JWnetra-
ted. It is doubtful if there is any geological substance wlwliy imper-
Yions to the action of water. The lowest percentage given of water 
held in rocks by complete saturation is found in the granites, and stated 
at from 0.06 to 0.12. The Devonian limestone holds but 0.08; Basalt 
is rated at 0.33; ~llurian slates at 0.19; coal shales at 2.~5; cariJoni-
ft·rons saiHh-tone will hold 4:3.30; oolite (inferior) is rated at 23.98; and 
chalk at ~4.10. 
The older porous stratifications are found above archean rocks and 
as a rule below th t>: drift and clays. Tllese reservoirs, for such they are, 
filled to overflow by the constant accretions of the past, are also as 
cou~tantly replenished from the atmosphere. The waters of percolation 
are gradually drawn downwards, moving steadily until they art · met by 
an impervious stratum; they will then horizontally or as nearly so as 
the "dip" allows, move until an exit is found either by opening from 
ahove or the flowing into deeper channels, subterranean or surface. 
Springs appear usually where these subterranean channels or veins 
intercept the surface valley. The slow soakage from the earth's surface 
desceudR only as a rule through saud, gravel, sandstone, or l>owlllers 
to stratum below that are somewhat impervious in character. The 
flow from such deposits is always variable, generally quite weak, but 
po~sesses, as bas l>een shown, great value if reached and collected, in 
regions where the rainfall is almost sufficient for industrial uses. A 
subterranean water basin} either deep or shallow, is always full at its 
outflow when first tapped. Its continued value depends upon the drain-
age area by which it is supplied, the amount of precipitation thereon, 
the altitude and consequent gravJty and force with which the waters 
are pressed or sunk through the earth. 
1'HE HYDROLOGY OF THE ARID REGION. 
There is a somewlJat striking resemblance in the continental features 
of all great arid regions. The interiors generally consist of high table-
lauds, plateaus, broken-mountain bowls, and great longitudinal val-
leys or plains or rangeR, such as are seen in the San Joaquin and Owens 
Yalle~· s of California. The sea-plane sections of these arid areas are 
usually narrow and descend precipitously to the ocean, being traversed 
by but few rivers, which are genera1ly narrow and precipitous, opening 
into broad alluvial valleys as they near the shore. The interior drain-
age basins will commonly be found marked by a few extensive river 
channels, haviug small tributaries in their upper and mountain courses, 
all descending torrentially to the open plains. Spreading as they reach 
it, they then flow over wide and porous channels. An illustration of 
this on the largest seale can be seen by a bird's-eye view of our trans-
, missouri region. The channels which deeply furrow its vast contours 
are but few iu number. Looking eastward from the Rocky Mountains, 
we shall find not over a dozen important streams from the British line 
to tlJe Gulf of .Mexico. The U \)per Missouri, with several important 
. 
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brauches, chief of which is the Yellowstone, makes the most northerly 
drainage basin. The Niobrara, the North Platte, the South Platte, the 
.Arkansas, the Cimarron, the Canadian and the Red River of the South 
are all tributary to the :l\lississippi Basin. The Pecos, Rio Colorado, 
Rio Erazo~, a ntl other SUJaller 'l'exas streams feed the Rio Grande. 
That river, which rises also in the Rocky Mountains, flowing eastward 
aud southwar(t to the Gulf of Mexico, makes its way for at least 700 
miles of its long course through a more or less stupendous canon and 
gorge SJStem. It is a characteristic of the open valleys (witll the ex-
ception of perllaps the Niobrara and the Hio Granue) to make their way 
by widely meandering channels through broad deposits of sand and 
gravel. At the point at which most of them leave the mountain ranges 
there commences an enormous phreatic absorption of the volume of flow 
that haA descende<l from the summit above. This absorption saturates 
a wide range of porous deposits. In the valley beds proper this water 
lies uear to the surface, and may be reached on the uplands at. about 
the point of difference between the saturated bed and the elevation of 
tbe prairie. 
Experiments successfully conducted in the valley of the Upper 
Arkansas conclusively establish the existence of such undersheet water. 
The uniform upward grade of tlle valley westward, at least from Dodge 
City, Kansas, bas encouraged tlle engineers interested in securing a con-
stant supply of water for irrigation, and underground tanks and reser-
Yoirs have been constructed. From these rese.r,roirs a fall of several 
feet on either side of the river presents abundant facility for the dis-
tribution of the waters thus obtained. It is also expected that large 
sur-face ditches, which during the past 4 years have been made in 
the valley counties of southwestern Kansas, can be fully supplied from 
the undersheet waters that are to be conserved in the works now in 
progress. A similar experiment is under way in the valley of theN orth 
Platte, Nebraska, and it is confidently expected that the water supply 
for Denver will be made permanent by works which aim to reach the 
umlerflow or undersheet of both the South Platte and Cherry Creek 
channels. If these operations are successful, as there is reason to 
believe they will be, the experience and results thus gained will be 
repeated in every valley and channel belonging to the eastern flanks 
and plains of the RochT 1\fonntains. Similar characteristics prevail in 
the valleys and channels of other important streams that :flow through 
and drain the arid region. The construction begun in the Upper Ar-
kansas marks the initial point of a great development in a water sup-
rtly, relatively abundant in volume and possessed of valuable fertilizing 
qua.litif'H. 
LOCATION OF .AND SUPPLY FROM SPRINGS. 
Witlwut reference to the inquiry made into the existence and char-
acter of a great supply of springs, the discussion of a phreatic supply 
would be incomplete. It will be observed that in the Northwest section, 
east of the Hockies, the record is so far comparatively small. It is 
hardly worth while to hazard an opinion, as further investigation ma.Y 
<lemonstrate that there is no lack of such underground waters, but ~till 
it, may be sugge8ted that the apparent paucity may find its source in 
tlte tendency towards over-drainage. When the Black Hills region is 
reached, however, proofs are abundant of a supply of springs large in 
volume, frequent in number, and flowing witll great force. The geolo· 
gist in charge of that field, and the field agent for western Nebraska 
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and Kansas, call attention to and preRent tabulations of a large num-
ber of them. Entering eaRtern New :Mexico, however, we find a great 
h1erease iu this supply, and with it must be remarked the hydrographic 
fact that the vast area in which they are found is marked but by a very 
few stream chanuels of importance. Within the region in which the 
springs are most abundant, the drainage of the mountains to the west, 
failing to flow in such channels as are sufficient for its volume, must 
neceRsarily find its way to the Gulf and the sea by underground courses 
which would nPcessarily break out at favorable topographical points 
and localities. A glance at the map of eastern and southeastern New 
:Mexico, of the Panhandle regions of Texas, and the contiguous terri-
tory of that State, will illustrate what is here indicated. The entire 
region is one possessing abundant springs, many of which are very re-
markable in character, as for example the great volumes of water that 
break out at Roswell, N. Mex., and an enormous spring at Lampasas, 
Tex., one that yields over 4,000,000 gallons of water every 24 hours. 
Another evidence of the immense drainage volume of the region under 
consideration is seen in the readiness with which water is obtained at a 
short depth from the surface. On the western portion of the Staked 
Plains, where Capt. John Pope's failure to procure water in 1857 be-
came a standard proof of the aridity of that region, but a short dis-
tance north and south of the point at which be failed the managers of 
great cattle ranges have obtained water at a depth of not over 40 feet 
through dug wells and over a large area. 
It bas long been a favorite theory in the Southwest that the Staked 
Plains region is underlaid by what, in effect, is a moving body of water. 
Some observers have suggested that such water not only percolates 
through the earth with considerable force and motion, but that there is 
h1 fact a subterranean river channel into which its larger volume freely 
flows. It bas been pointed out that the wells of this region rise periodi-
cally and that the long and well defined line of springs from eastern 
New Mexico southward and eastward about the lower edges of the 
Staked Plains, which geologically speaking are reported to be a super-
imposed stratum on an older formation, have also their periodic rise 
and flow. Tile waters of the Sabine and Red Rivers flowing to the 
Gulf are also known to be affected at the same seasons, showing an 
enormous periodic increase of flow which is not accounted. for by any 
sensonal increase of precipitation. 
1'he v·alue of springs in irrigation is well understood in all other arid 
countries. They are also largely used for meadow irrigations. Henry 
Stewart, in "Irrigation for Farm, Garden, and Orchard," says that the 
vast number of spri11gs really furnish a much larger supply of water 
than is expected. He claims that. a spring yielding only 2 quarts of 
water per second will properly serve an acre of land, if properly dis-
charged during that length of time. The total amount of discharge for 
the day would be 43,200 gallons per day, giVing 1 quart of water for 
every square foot. A reservoir to store sueh a body of water should 
contain 5, 760 cubic feet; that is, an area 40 by 20 feet, having a depth 
of 7 feet. Springs are guarded and protected by law and custom in all 
arid regions. The French law provides that the ownership goes with 
the land; that of Spain, which follows the Roman and Moorish customs, 
makes them public property to a limited extent. In Mexico, for exam-
ple, the owner of land upon which a spring breaks out is entitled to the 
undisturbed u~e of its waters for 60 hours per week. He may not fence 
it off from man or cattle, though entitled to compensation for the use of 
the space occupied by the land for the means of access. The Ottoman 
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law of water makes all natural springs not privately appropriated the 
propert.Y of the community. 'l'he Pueblo Indians, as also the Mexican 
people, claim the pulJli~ nature of all such waters and are protected lJy 
tlle treaty of Guadeloupe-Hidalgo in their claim. Important bodies of 
~'})rings are found at many points in our basin and intra-mountain 
n,ginu. All tbroug4 the arid region also, and especially west of the 
Hockies, streams are known that sink out of sight, flowing, as does the 
~anta Crnz in Arizona and the Humboldt in Nevada, through sulJter-
r~nean dumnel~ to a junction with other bodies of watP-r. 'fhese 
streams cau lJe recovered and distributed, and they will yet play a very 
important part in the reclamation of limited though valuable portions 
of our arid region. 
RIVERS AND STREAMS OF THE PLAINS. 
Another source of supply is found in streams that take their rise from 
open plains and basins at considerable dis.tances from mountain ranges 
or from other than local drainage areas. The chief geologist and his 
assistants have been actively engaged in an examination of such a sys-
tem. The Republican aud Frenchman Rivers, in northwest Kansas, 
southwl'St Nebraska, and northeast Uolorado rise in the plains region, 
nearly loO miles from the foothills of the Rockies . They have no sur-
face or objectiYe connection with the mountain precipitation and drain-
age. Yet their sources must be, it is evident, in the first place the 
drainage of the mountain area, next they are fed by local or basin 
precipitation; the latter is a point of considerable importance. The 
progress report of Professor Hay deals with this question. 
The Republican River in northeastern Colorado, the headwaters of 
its branches being from 120 miles to 140 miles east of the foothills, 
offers the more notable i1lnstration. Apparently its branches, the 
Delaware or South Fork, the Arickaree or Middle Fork, and tlle French-
man or North Fork, rise in the open plains and without any direct con-
nection with the mountain range to the west and its great drainage 
snpply. 'J~here is an area of about 150 miles square which possesses an 
abundant supply of water just beneath the surface and recoverable by 
ready aud simple means. At some period in its later geologic history 
this basin Wl:1S the seat of a large but probably shallow lake. It possesses 
many characteristics of such a formation, not the least notable of which 
is the existence on its central and southern section of a large bed of 
qnielrsand. 
An accident occurred some years since on the Kansas Division of the 
Union Pacific Railroad, and across a marshy or wet stretch, such as in 
the South west are termed cienagas, a train was derailed and the loco-
motive overturned. Engineer and fireman with engine are reported to 
have sunk out of sight. Tile two bodies were recovered 10 miles to the 
east, aud the locomotive was engulphed in the sand, being lost entirely. 
No trace of it has ever been found. Accounts are given to show the · 
existence of underground streams and channels, of wells along the 
valley of the Frenchman or North Fork, which are known as "roaring," 
because of the blowing· noise that arises from them, as of the air pass-
ing from a higher elevation underground, and finally: escaping through 
these wells, using them as vent-boles. It is also stated that their water 
freezes in winter at considerable depths below the surface-another 
proof of their being influenced by atmospheric condition. 
It is qnite certain, therefore, that some source ot supply other than 
the local precipitation over this basin must be accessible. The rain-
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fall from east to west will range between 17 and 14 inches per annum. 
This fa,ll is helpful to increase, but can not be sufficient to create the 
great body of water found within the upper basin of the Republican 
and its branches. · Taking two couveuient foot-hill points and ascertain-
ing their elevation we shall begin to perceive where the source must 
necessarily be. Denver to the south is 6,103 feet, and Cheyenne to the 
north is 5,281 feet above sea level. No!'th Platte, Nebr., to the east a 
sllort·distance of the area under consideration, has an altitude of but 
2,841 feet. 
Tile Upper Republican basin then will have a general fall from west 
to east of at least 10 feet to the mile, while the fall from its western 
limit to the foothills will range from 17 to 10 feet per mile, or an aver-
age of over 13 feet, making an aggregate decrease of altitude of about 
l,DOO feet at the western line and another of over 3,000 feet at the east 
line of the basin under consideration. This gives ample gravity for 
drainage waters to supply such a basin, more especially if the stratig-
rap!Jy of the area is favorable, as seems to be the case from such facts 
as are now known. 
THE UNDERSHEE'I.' WATER OF THE VALLEYS. 
The managers of the Great Eastern Irrigation Ditch, at Garden City, 
Kausas, have successfully brought to a head the first portion of their 
experimenting with the underflow supply. 'l'he Great Eastern Ditch 
near Hartland was constructed to be supplied by the Arkansas River 
direct. The use of the water above in Oolorado and the aridity of sev-
eral past seasons reduced the volume in the channel to such an extent 
as to make the ditch nearly useless. The main ditch was continued 
westwardly parallel with the bank of the river. At a point 1 mile 
west of Hartland, on the Arkansas, the company begun to deepen the 
ditch, so that while the bottom bas a fall sufficient to secure the ready 
flow of the water its depth below the surface of t!Je ground is made to 
increase as it exteuds westward. In the progress of 1 mile the depth 
bas been so increased that it is now 10 feet below the surface. Into 
the ditch thus formed, so as to tap the saturated sand at 10 feet below, 
a body of water is flowing 14 feet wide and 11 inches deep. Some dis-
tance below the stream is 20 feet wide with an average depth of 6 inches. 
The water plane, which is found in firm, close sand fully saturated, 
begins to flow or discharge water into the channel at the point of ex-
cavacation. The head of the ditch has the appearance of a large 8pring, 
the supply of which is oozing out at every point. The Great Eastern 
Company intend to carry the head of the ditch still further westward 
and deeper, so as to secure the full ad vantage of the seepage and fill 
the reservoir thus formed as completely as it is possible. The quantity 
of water and the steadiness of its percolation seem to meet the most 
sanguine hopes of those w!Jo have interested themselves in this experi-
ment. The fall below the bead of the new subclitcb being an average 
of 7 feet to the mile directly east and west, with a larger fall north aud 
sout!J, gives ample opportunity fur ready di~tribution of the water thus 
obtaint d. 
The irrigation engineers in Colorado are interesting themselves quite 
actively in the ol>taining of supplies by the sinking of galleries below 
the surface of strt·ams in a manner similar to that begun in the Arkan-
sas V~'tlley within the State of Kansas. They have also just begun to 
appreheud the importance of the phreati'c supply that il bas been demon-
strated can be found in the gravel beds, so that the water found in them 
• 
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can percolate into underground tanks and wells and be lifted by ma-
cllines to the surface, a method of supply which will be shown to have a 
great impetus. The use of pumps of great power in lifting underground 
currents to the surface from bedrock is also proposed, and works of 
that character in several instances are pr~jected and begun. 
Mr. John Goodwine, of Dodge City, Kansas, in a paper read before the 
State board of agriculture at its annual meeting, gives a description 
of his personal efforts to utilize the Arkansas Valley underflow. His 
farm was inaccessible to the sub-canal service provided by the enter-
prise of Gilbert Bros. Mr. Good wine sought refuge in a farm reservoir 
supplied from the sand-stratum storage and lifted for distribution by a 
windmill. He says : 
I began about 1 year ago to try my experimen ~ by building a reservoir 100 by 150 
feet, 7 feet deep, locating it on high land near orchard and vineyard. By the side 
of this reservoir a well was dug, 5 feet at the top and widened to 6 feet at the bot-
tom. The underflow was reached at the depth of 53 feet, and the well sunk 3 
feet in the water, giving a basin in the underflow of six feet wide by 3 feet deep. 
The ground being sandy the well wns curbed from top to bottom with 2 inch lum-
ber. A 6 by 24 inch cylinder was placed about 4 feet from the water, and 3 inc1i 
suction and discharge pi pes used. To get the water into the reservoir it had to 
be raised 5 feet above the top of the well. A 22-foot windmill was put up and 
started about July 1, 1890, but the mill was a poor one. It broke several times. 
While idle the water was discharged into the resenoir, but on account of the sandy 
soil it failed to hold it. Loam was then hauled into tlle reservoir at leisure times 
and the sandy portion of the bottom covered abont 6 inches thick. The mill was 
again started about the middl~ of November, and the water run directly where it 
was wanted. Since then 2 acres of grape vines have been well watered ancl some 
trees besides. The mill bas an 8-inch stroke and throws about one gallon of 
water to the stroke, and makes from 18 to 30 strokes per minute. RP-cently I put 
on the ZMbe adjustable stroke attachmellli and lengthp,ued it to 12 inches, giving 1t 
gallons per stroke. With the short stroke I think I can irriga.t e 10 acres the driest 
year we have bad, and with the lengthened stroke can thoroughly water 15. With 
a bunch of cattle to eat the buffalo grass and forage crops we can grow, and 15 
acres well watered, we need not run from the drought, !Jut partially at least run 
the drought from us. 
Two of Mr. Good wine's neighbors are at work on similar lines. Others 
are investigating. A vapor engine is coming into use which it is claimed 
coRts only 1~ cents per hour for each horse-power used. Mr. Goodwine 
says: 
"Tith this new power we can raise water in sufficient quantity to produce the ordi-
nary farm crops if we prefer. w·e will be enabled to view with pleasure our crops of 
alfalfa, corn, and wheat. Indeed, I shall not be surprised if in a very few years 
vapor engines are used to tap the underflow to supply tlle canals. I believe it will 
be cheaper and more reliable than the reservoir system now in use. 
'l'HE SAN LUIS ARTESIAN BASIN. 
The enlargement of cultivation in the San Luis Valley, Colorado, by 
the use of the wells that have been bored therein. has brought into re-
markable relief the value of tillage by seepage irrigation. In the dis-
eussion of phreatic waters, this is a matter of importance. This great 
mountain baEin or park, with its uniform elevation of about 6,000 feet, 
is surrounded by mountain ranges of from 4,000 to 7,000 feet elevation. 
~rlle sides inward to the valley are quite preeipitous. It follows, then, 
as matter of course, that the stratum beneath the soil within the bor-
ders of the San LuiR Park is kept constantly saturated with a vast sup-
ply of water. Cultivation has gone on until the water-plane has moved 
11earer to the surface. The wells which have been dug and bored, to 
the number of many hundreds, pave also had their effect in this direc-
tiou. There bas always existed a large area of surface water, not deep, 
and sometimes only perceptible by the moisture of the ground and the 
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luxuriance of tlJC marslly grasses existing there. During the past bar· 
W'St season tlJe l>enefit of what may be termed natural subirrigation 
was made very apparent. The small grain on the whole averaged bet-
ter than anywhere in th'~ United States, while the subirrigated lands 
gave invariably the ma.ximum crops. The ordinary exphtnation of the 
theo1·y of percolation, whether from above or below, is, that directly 
UJl(ler the top soil will be found a clayey or other stratum that does not 
allow the water to sink, and that the loose earth, well broken up by 
eultivation, acts as a sort of sponge that contains the water that has 
percolated from tile ditch surrounding the field. This is the explana-
tion given l>y those who suppose artificial seepage to be the only cause 
of such irrigation. 
CAPILLARY ATTRACTION. 
This theory of artificial sub-irrigation will, however, serve to illus-
tr<tte that of tlJe natural and normal process. Plant life not only af-
i'eets very materially tile surface of the earth, and, by coudensation, 
the humidity of tile uigbt, tilereby also iutlnencing the atmospheric 
temperature in its lower stratum at least; but by means of ito roots 
penetr<ttiug deeply for moisture and by the influence of the air passing 
through the opened and pulverized earth, the whole supply of earth 
wntcrs uearest the alludum are drawu by capillary attraction clo!Ser to 
the surface. 'flle present situation in Fresno Uounty, California, illus~ 
trates these statement~ as well as tlw situation in San Luis Valley, Colo-
rado. The first fruit colouy that was formed aud commenced cultivating 
the soil in San Joaquin Valley, at Fresno, found themselves obliged to dig 
at least 50 feet l>efore reaching water for a well supply. Further from the 
ceuter of the valley they had to dig deeper. At present the average 
plaue of water is below tile surface from 8 to 12 feet. In less than ~0 
years, tlletL by culthTa tiou antl surface irrigation the supply has risen 
some 40 feet. The alluvium is saturateu to so great an extent that 
alkali is again appearing upon the 8urface and the necessity of drain-
nge i~ becomiug appanmt. 'fhe practice in Fresno viueyards now is to 
fill tile small ditches tilat bouud their fields once or twice in a season, 
aml then to allow the supply to percolate through the adjacent soil. It 
hat:-\ l>een found in practice there that the area of percolation extends 
for 500 feet on each side of t,he ditch. By having fields or vineyards, 
therPfore 1,000 feet square a sufficient supply of water can be obtained 
from tile ditche~ by percolation to sub-irrigate t be whole area. Iu the 
ca:::;e of the San Luis Valley, however, the areas em braced are very 
mnch larger. 
It is stated by Colorado agricultural journals that in what are known 
as the Streator and Stanley settlements of tue San Luis Valley 
tracts of from 100 to 4:00 acres are irrigated as the needs of the growing 
crops require without spreading auy water on the surface. Boundary 
dit(·hes, often inclosing 60 acres, are filed with water and tlleir contents 
allowed to percolate through the porous e~~rth. The roots of the plants 
are, it is claimed, supplied with sufficient moisture to secure an abund-
aut harvest. Unless such ditch percolation was greatly reinforced by 
the steady rise of the underflow nearer to the :surface, the fields would 
be found altogether too large fol' effectual irrigatiou. 
Portions of the arid region in which the q nelStiom; of phreatic waters 
may yet prove to be of supreme importance is found within the States 
where "bad lands" and 'i de~ert" areas are acknowledged to exist. 
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RECLA.IM.A.BILITY OF DESERT AREAS. 
Half a century since General Fremont found the border of the Great 
American Desert nearly 1,000 miles eastward of its present location, 
and many llundred miles to the north. Under the advance of civiliza. 
tion, ho1'Vever, the desert bas been gradually circumscribed, and the 
waste lands are being made fertile, so that now this desert region is 
almost whollv confined to the southern counties of California and the 
lower half of Nye County, Nev. Within the borders of this region 
are inclosed such well-known tracts as Armagosa alH.l Death Valleys 
and Moja,ve, Colorado, and Panamint Deserts; in all not less than 
30,000 square miles. In San Diego County the desert is bounded on 
the east by the Colorado River and on the west by the San Jacinto 
Range. It is traversed southeastwardly by the San Bernardino Moun-
tains, and widens as it enters Lower California. Thp, reclaimable des-
ert area of San Bernardino County alone is estimated as larger than 
the States of Maryland and Delaware. 
The average rainfall on this region ranges from 2 to 6 inches. In the· 
more depressed area there is barely a trace of precipitation. Through-
out the growing and ripening months even this d wincHes away, and the 
sands and scant herbage are burnt in the fierce sunlight. The moun-
tain streams, fed from the enormous masses of constantly melting snow, 
are soon absorbed in the friable soil and sink to the lower gravelly 
levels, from which the artesian bore can alone restore their supply. 
The Colorado Desert is, undoubtedly, the dry trough of the old Gulf 
of California, the head of which once flowed a long distance farther in-
htnd. Saline shells and deposits with the well-defined beach lines plainly 
show this in many parts of its circumference. The mouut,ain valley~ 
once supported quite a numerous population of natives. To day many 
streams rise in the surrounding mountains and are lost in the thirsty 
sands and detritus below. Precipitation must be stored in natural res-
ervoirs, and the seepage or imbibed waters of its many" lost rivers" must 
be restored by a system of wells and tanks, or underflow canals. 
A short but striking account of the Jower part of this desert is given 
by Mr. H. W. McFadden, of Anaheim, Orange Uounty, Cal., one of 
the most respected of citizens there, who writes the office of irrigation 
inquiry, in reply to a request for information relative to the Colorado 
region, and especially that portion of it known as H The New River 
Country," as follows: 
TilE DHY BED OF A DEAD SEA. 
The New River Country borders on the northern line of Lower California, and is 
about 60 miles west of the Colorado River at Yuma. I aru not personally interested 
in this section of the country, but being intimately acquainted with ex-Surveyor-
General Shanklin, he has repeatedly spoken to me of this section as being capable of 
being made wonderfully productive if water could be obtained. He received most 
of his information from «lata filei!. in the State laud office. In September, 1887, Gen-
eral Shanklin and myself drove from here overland about 200 miles to see the country 
and judge for ourselves if the truth had been told. After a hasty inspection, which 
we were compelled to make on account of not having water for.our animals and our-
selves, we retraced our steps. Not being satisfied we again organized a party of :five 
with plenty of food for ourselves and feed for animals, also instruments and tools to 
bore for water, etc. 
In October of the same year (1887) we again set out and made a thorough in-
spection, and with such sta,tements as we were able to glean from cattlemen and the 
proverbial oldest settler we obtained much of the information we were seeking. 
Some ofit may be of interest to the Government; if so, I shall be amply repaid. We 
learned by observation that the Gulf of Califor11ia once extended up into the great sink 
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in the Colorado Desert. This is now 261 feet below :sea level; that the annual floods 
of t.be Colorado (or Red or Muddy River), being backed in by the high tides, bad de-
posited annually frotn ~to 4 inches, until the entrance wat~ filled up to 12 feet above 
sea le,·eJ. The gnlf l>eing oammed ofr~ as it were, the inland sea or lake evaporated 
and became a bed of salt, the mining of which is now a profitable industry, whose 
beaclqnarters are at. Salton, on the SouthPrn Pacific Railroad. The winds drifted up 
a border of :sand, which has stopped all subcqnent overflows from runniug back into 
the lake or inlaml sea. 
The New Ri\'er channel is witbon• water at its head. Unlike most other streams, 
the water runs in at its moutb, when it has water, which occurs but once in 7 or 8 
years. That is only when the ext.ret11c floods of the Colorado River (which occur in 
June) meet the new or full moon tideil of tho gnlf. The Colorado is backed up then 
over the elevation of 1~ feet. There is a fall to the north. The clw,nuel is e:thont 200 
to 300 feet wide and from G to 8 feet rlePp. 'l'llo water will rnn north till about 350,000 
aeres arfl entirely submerged, being covt-~red from a few inclles to several feet deep. 
The water stays till1t sinks and evaporates; it never returns to the river or gulf. As 
this water is full of sediment, the deposits are very gt·eat., so that the country is being 
grarluall.v rais('ct, and a few more floods will probably be the last. It bas been cov-
ered with water t.his year (1890) for the first time in 9 years, and thousands of tons 
of wild grass could bave been cut. As soou as the water begins to disappear by 
evaporation, the Indians flock in from their mountain fastnesses for the distance of 
100 miles, and by the crudest kind of cultivation follow up the receding water, plant-
ing melons, squash, beans, whe~tt, corn, reel peppers, etc. In a very short time they 
gather au abundant harvest and retnru to tlleir mountain homes. 
In .January, 11388, Gen. J. vV. Shanklin and a surveying party went to Yuma and 
examined the Colorado River till they found a good place to take ont a ditch, about 
6 miles _below Yuma. They made tlleir starting point 3 feet below low-water mark. 
Iu12 mile'> their levels came to the surface. Witb a cut of 20 feet at the river it ran 
out gradually. Iu 12 miles, allowing 2 feet fall to the mile, the couutry becomes 
level and open, with about 5 feet fall westward to the mile. In ao miles they struck 
the overflowed lands, which fell off toward the north from 8 to 10 feet to the mile. 
'fbey did not run their survey beyond 30 miles, but took levels to satisfy themselves 
that the whole overflowed territory could be irrigated. 
On account of a runge of saud hills that approach the river near Ynma anll extend 
below some distance. if ever such a ditch is constrncted it will have to be made 
througb Lower California for at least 30 miles. Had it not been for the difficulties 
that presented themselves in regard to the right of way over foreign soil, that sec-
tion of conutry would Bow be irrigated. Nothing is being done by private parties 
towards the recla.mation of the arid section. We estimated that a ditch 100 feet wide, 
5 feet deep, 60 rntles long, would cost $350,000 or perllaps over $1 an acre. Other 
parties bave been there since, looking over t.he country, and abont 35 miles to the 
northwebt of the Lower California line from Indian Wells they report a large stream 
of water flowing in a deep channel apparently coming from under this overflowed 
land. The stream had about 1,000 miner's inches of water flowing towlj.rds the in-
land dry sea; following it for some distance in a northwesterly direction, they report 
it lost in the alkali swamp on the margin of this dry sea or lake, it being so soft that 
a horse could not cross it. That fact and the high mountains on the west where 36 
inches of rainfall annually occnrs, would indicate an undercurrent. The Colorado 
River directly due east GO miles, is about 80 feet higher than the New River country. 
'l'hiM would make altitude sufficient for pressure on any nndertlow waters. We found 
surface watt·r-by boring in a channel about 6 feet deep-at a depth of 22 feet in a 
stratum of 8 inches of sanu. The deposit is 29 feet deep where we bored; the water 
rose 6 feet above where we found it, or within 16 feet of the surface. The water was 
slightly brackish, but both man and beast could live on it. 
The climate is about 100 degrees in the mouths of July and August during the heat 
of the day, but almost daily a breeze comes up from the Gulf. By building houses, 
to guard against the heat with double roofs, and sheds and porches all around to 
protect the walls of the bouse, it cau be made habitable. During the balance of the 
year it is delightful. Occasionally wind storms occur which carry more or less sand 
or dirt, but with cultivation and tree-planting that will not be noticed so much. 
The production, in my opinion, would be of the finest of oranges, bananas, cotton, 
sugar-cane, lemons, raisin grapes t.hat would ripen by the middle of June; alfalfa, 
sorghum, wheat and all sorts of vegetables in a most prolific yield; also, all the 
beans and medicinal plants of Mexico. 
The goou land is capable of sustaining a very dense population. The Government 
could not spend. money where it would do the same good as there; and by passing a 
law adding the cost of the reclamation works to the land, they would get it all back, 
sell ~he land, and provide homes for thousands of people. I have been hoping to see 
thil5 great ~nterprise consummated during my lifetime and still hope to see it done. 
S.Ex.53-4 
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It is too big a move for private capital, which has no interest in tlte land. If the 
land was owned by private parties it would soon be reclaimed. The Government 
can do it and onght to do it. I think of nothing else now that would be of impor- ' 
tance or interest, but trust that some of this may be of use to you and of benefit to 
the Government. 
POSSIBLE MEANS OF REOL.AMA'l.'ION. 
The discovrries and utilizations already made give good reason to 
hope that springs and artesian water may be found in considerable vol-
ume tllroughout the Mojave and over a considerable portion of the old 
beach liues and other portions of tlle Colorado troug·h or basin. 
Tile reclamation of the Algerian Desert offers lessons of value in this 
direction. There, waters are restored to the surface after percolating 
for an immense distance; here the stream beds are numerous, and tlle 
courses of their buried waters within the area to be reclaimed are easily 
ascertainable. R,ailroads have crossed the barren waste without ex-
periencing great difficulty in obtaining water, and indeed in many 
places tile water is so near the surface that the coyotes, as at Coyote 
Wells, are known to have reached it. The chief difficulty in the way 
of a copious supply of phreatic water in the Colorado desert is found 
in the fact that quicksand is liable to choke the well bores or other ap-
pliances. 
Antelope Valley is a part of the region known as the Mojave Desert. 
In 1882, the Southern Pacific Railroad Company bored an_artesian well at 
Lancaster, in the northern part of Los Angeles County, and obtained a 
good supply of water. Flowing water was no sooner found than settle-
ment began, wells were bored, cultivation and improvements put under 
way; and from this section of the Mojave Desert, whose aridity llas 
been so notorious, the wheat was harvested in the summer of 1890 tllat 
took the prize at the county fair over the competition of all southern 
California. 
In this valley, which is rather a portion of a wide intra-mountain 
plain, torming part of the vast drainage basin which once fed a great 
inland gulf that now heads into a shallow delta some 300 miles below 
and is slowly but steadily receding, as well as in the upper and narrow 
portion of the Colorado desert, irrigation has already created the be-
ginning of large and prosperous fruit-growing settlements. In the 
Antelope Valley proper, since April, 1889, some 10,000 acres have been 
brought under cultivation; this area can be readily increased to 25,000 
acres. It is estimated that in all 50,000 acres are now under ditch. 
The surface supply is obtained from mountain streams, stored in three 
reservoirs, with a total capacity of 30,000,000 gallons. The works in-
clude 5 dams, 5 head ways, 7 weirs, and 6 tunnels driven into the foot-
hills. The main ditches are 50 miles in length, 5 feet wide at the top. 
There is an equal milea,ge of distributing and lateral ditches. Five 
artesian wells, besides that of the railroad at Lancaster, have been 
sunk at depths of from 180 to 500 feet, with a flow for each ranging 
from 50,000 to 200,000 gallons per 24 hours. The economic service of 
their waters is equal to a duty of 7,000 acres. Over 100 wells are in 
use. They range from 20 to 100 feet in depth. They draw their sup· 
plies from the glacial drift of gravel and bowlders. 
SOME OF PRODUCTS .ADAPTED TO THE REGION. 
In view of the extension of reclamation by irrigation over large por-
tions of the desert region, now arid and unproductive, it may be as 
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well to suggest in outline some of the products which, by the aid of 
unfailing sunshine, a tonic atmosphere and water intelligently applied 
can be as surely ?nanufactured from the arid soils as the wool from the 
sheep can be sheared, washed, c:uded, spun, and woven into cloth. Not 
only can the grains and sugar cane, roots and other vegetables~ with 
the trees and shrubs of the semitropics be brought to maturity in great 
almudance, but aU of the citrus and deciduous fruits and berries of the 
same regions. Not these only~ but the commercial, leguminous and 
medicinal products of Mexico, etc., may be successfully cultivated. 
Tbe date, as a fruit, will require carf'Jul study in the more elevated por-
tions. But the indigenous date palm of the Colorado desert and lower 
river valley yield a fruit which, in spite of entire neglect, is still pala-
table, and may yet, by hybridization, become of commercial value. A 
great industry that can be created is that of the cultivation of the 
olive, with the preparation also of its various merchantable products. 
It is not the purpose of tuis report to deal with more than climate 
and possible water supplies. To favor tlw olive, the mean annual tem-
perature must not be below 57 degrees; the mean for the coldest month 
11ot below 41 degrees, aud the minimum not below 14 degrees. The 
olive will grow iu a soil even too dry for the grape vine, and too rocky 
' for any other fruit tree. On low, moist lands it has made but indiffer-
ent progress; but it is not therefore to be concluded that it will grow 
on sterile land. The warm soil of the desert region, from its calcareous 
nature, offers great inducement for the production of this fruit. A 
flinty, clayey, limy soil is, according to ;\-1. Gran<leau's experiments in 
France, the best for ol!ves. Th(~ desert soil possesses this qualification. 
The pbysico.chemica.l analysis of good olive soil is as follows: 
• Water . _____ . ___ •. ______ . _____ . ____ .. _____ .• ____ . ____ ...... _. ____________ _ 
Saud . ____ .. __ .. ____ .. _. __ .. _ •••.. ___ . ____ . ___ .. ____ .. ____ . ___ . __________ _ 
Liiuestone ..... ____ .. ____ .. --.-- _______ ----. --- .. -- .... -.-. ---- ---- ---. -- . 
Clay. ____ . . ____ ... _ . _ .. _____ . _ . ___ . ____ .. __ .. _____ . _ • _ •. __ .•. ____ . ____ . __ . 









Total . _. __ ... ___ .. ____ .. _____ . _. __ .. _____ . ____ .• __ • ____ . _. _ . _____ . _ . 100. 000 
Professor IIilgard's analysis of the soil of the Mojave shows a great 
similarity of composition : 
The analysis of the soil from the neighborhood of Mojave shows clearly that it is 
not inferior in productive capacity to someof the best soil ofthegreat valley, which 
it greatly resembles, save in the scarcity of humus or vegetable matter. Its supply 
of lime aud potash is high, that of phosphoric acid low, but not more so than in some 
very productive soils of the valley. The scarcity of humus is tho defect which it 
would be most needful to remedy; probably best by turning in a crop of alfa-lfa, 
which there could be no difficulty in growing when irrigation was available. T.Qere 
arc doubtless many many tracts where this defect does not exist, since t.hey are cov-
ered with a dense growth of small shrubs. The soil of the Colorado River bottom is 
a highly productive one, easily worked, and not liable to suffer from wet in case of 
overJlow being quite light. It is highly calcareous, containing 16 per cent. of car-
• lwnate of lime. Its potash percentage is very high, yet there seems to be no trouble 
from alkali, as the soda percentage is very small. Its supply of phosphoric acid is 
fair, though not largo for a bottom soil; the humus percentage is likewise small for 
a lowland soil, yet adequate. 
The olive seems to be quite sensible to variationR of altitude; but the 
clima,te of this region, especially under cultivation, is so agreeable and 
so near tbatofmany old world olive plantations, that this fact is merely 
mentioned as a factor Jo be considered, and not as a barrier to the culti-
vation of this plant. The olive blooms early in May and ripens from 
November to January. It bears at 2 years, a»d at 4 years there ia a 
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goou crop. There arc now 16 or more varieties ofthis berry cultivated 
throughout California. The1c is frequently found an indigenous date 
palm, which in spite of drought, utter neglect and exposure, bas sur-
vived and grows to the height of 80 feet. This fact alone, aside from 
the favoral>le soil slwuld l>e an inducement to the irrigated cultivation 
of this fruit on these rainless tracts. The fig tree grows iu earth too 
dry for other fruits to mature; and the warm arid soil and dry atmos-
phere of the desert 15ection offer peculiar advantages for its culture. 
Water sufficient may yet be supplied to support this hardy tree. There 
is no more profital>le crop for the fruit grower; and in the Mojave and 
Crlorado deserts, shielued from u11favorable coast winds, the crop under 
irrigation is certain. l\lr. James Stewart~ of Downey, Los Angeles 
Oounty, says he has fig trees "growing on high dry, sandy soil, where 
it i~ ~0 feet down to water; also some on rich sandy loam, where it is 
about 10 feet to ~.,.ater. Again, I have them growing on stiff adobe, 
not more than 5 or 6 feet to water; and they all grew vigorously and 
well." 
Below Yuma., in the Colorado Valley, and, indeed, within the whole 
area aff'ecte(l by the Gulf overflow, as described by Mr. McFadden, 
cotton, rice, tolmcco, and sugar cane can be grown profusely. In wild 
hemp 50,000 acres are reported; there is as much more to be worked 
for fil>rons. Tllis in tile hot rich valley lands. Back of these acres is 
found a great body of alluviallanu, adapted for all fruits and products 
of a semitropical character. The live oak can be grafted with the 
chestnut, the castor bean on the mesquite tree, which can also be made 
of value for its gnm, which is nearly as important as the gum arabic of 
commerce. Even tl1e sterile and rockier foothills will grow the many 
varieties of the cactus plants which our Mexican neighbors utilize in 
many ways. 
PRESEN1.' AREAS OF IRRIGATION. 
It will be uifficult to state in figures and acres the actual amount of 
irrigation progress accomplished in the semiarid and arid States during 
the year 1890. The con:tlicting discussion of this subject bas had, of 
course, to some extent, the effect of delaying investment. It had, how-
ever, one more beueficiffil, in that it has created a great interest in the 
whole subject. This has been mamfested in a large variety of ways, 
causing, wherever there was no land policy to intervene, a very consid-
erable uegree of preparatory activity, whose effect-will be seen during 
the ensuing year. 'rhe report of the Senate Committee on Irrigation 
presented the following tabulated estimate of the actual and approxi-
mate areas under ditch (1889) within the region of its investigation: 
.Arizona ................................................................... . 
California .................................. . .............................. . 
Colorado ................................. . ............................... . 
Idaho ..................................................................... . 
Kansas . .................•......•••......•.•••••.....••.••••...•••.......••. 
Montana .................................................................. . 
Nebraska ...................•••••••.•••••.••••• . ••.••••••.••.••••.•••.••••. 
Nevada ....................... . .......................................... .. 
New Mexico ............................................................... . 
Oregon ................ . ................................................... . 
So nth Dakota (Black Hills) ............................................... . 
Texas .......................... .. ........................................ .. 
Utah ...... . ............................................................... . 
;:;~~~~~0-~:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

































Total...................... . .. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 13, 661. 000 7, 578, 000 
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The estim·ates for 1889, made by the U. s .. Geological Survey, were 
as follows: 
Acres. 
Area under ditch, constructed and projected .•••••...•..•••.........•••• *9, 974,419 
Area under ditch and irrigated .........••..............• ·----· .......••. 8, 307, UOO 
The largest activity has prevailed during tlle past year in the States 
of California, Colorado, Idaho, and Montana. In the Territories of Ari-
zona and New Mexico tllere has been some considerable progress made. 
In portions of South Dakota aud in western Nebraska and Kansas the 
necessities of tlle people, as well as the discussion that has arisen, have 
crystallized into practical channels various projects and forms of enter-
prise that are likely to be of great service in the near future. The be-
ginning of great activity has already been indicated in Washington 
and Oregon east of the Cascade range, while in Nevada there is a grow-
ing feeling that the security and maintenance of their State organiza-
tion depends upon the efforts that are to be made in the direction of 
reclamation. 
IN CALIFORNIA.. 
As has already been stated, the chief development of this State in ir-
rigation has been in the subdivision of the areas under ditch, and of the 
steady growth in the organization of irrigation districts. The abolition 
of the State engineer's office now leaves California without any officjal 
channel for the publication of information; in fact, no attempt has 
beretofore been made to present tlle irrigation statistics of that State 
as whole, important though they are. Under the head of California 
this report will give a great deal of local information relative to the 
progress of works and the increase of 31creage. By the report of the 
Senate it was estimated that at the time of their visit (1889) the follow-
ing acreage was under cultivation: 
Esti·rnates made j1·om testimony taken by the Senate committee, 1889. 
Miles ofditchesin State................................................ 3,8:~5 
Cost per mile ...•..•............••..........•.....•...•.••........... $640 to$5,400 
Total cost . . . . • • . . . • • . . . . . . • . . . . . . . • . . . . . • . . . . . . • . . • . • • . . . . . . . . . . . . . . . . 10, 375, 289 
==== 
Acres of irrigated areas: 
In fann crops . • . • . . . . . • . . . . . . • . . . . . • . . . . • • . . . . . . . . • . • . . . . . . . . . . . • • • 3, 080, 000 
Iu viues ...... .... :. ...... ...... .... ...... ..•••. ...... ....... ...••• 8:l, 000 
In fruit.... . . . • . . . . • • . . . . . . . . . . • • • . . . • • • . . • • • • . . . . . . . • . . . . • . • • . . • . • 131, 000 
Total estitnateu ...... ·----· .•.•...••••......•..•••..•••••••.• 3,294,000 
NoTE.-Tbe difficnlty of obtaining definite data is very great, and it is most prob-
able a more correct estimate would cover at least 4,000,000 acres. 
It is difficult to estimate the new areas brought under ditch, and 
largely, too, u11der irrigation during the past year within the State, but 
it is not less tban 150,000 acres for the Sontllern California and San 
Joaquin Valley sections, and 50,000 for the remainder of the State. 
Under ditch in the works now in progress, the· increase will not be less 
than 750,000 acres. . 
~rbe most important works in connection with irrigation that have 
been und~rtaken and are now in progress are found in s~n Diego and 
San Bernardino Counties, as well .as on the American River in central 
California, where dams and othet works are being constructed for a. 
*This estimate only includes Arizona (1889), California (1885), Idaho, New Mexico, 
Oregon, and Wyoming (H3t>9). 
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large reservoir. The Bear Valley-reservoir in San Bernardino is else-
where briefly described. When in full operation it will add at least 
250,000 acres to the acreage under cultivation in that region. During 
the past year works Lave been constructed in the Antelope Valley-an 
elevated intra-mountain section in Los Allgeles County-one which has 
been considered heretofore as almost irreclaimable. One large and 
several small reservoirs, with 50 miles of distributing ditches, have been 
constructed. A considerable number of acres have been brought under 
cultivation, and the production of grain, forage, and fruit has alreaily 
commenced on a large scale. No doubt of success is now felt. The 
area of irrigated land bas increased quite largely in the whole of 
Southern California and the lower counties of the San .Joaquin Valley. 
In Fresno County some 10,000 additional acres have been brought un-
der use. Twice that. amount, it is claimed, will be cultivated during the 
coming year. 
In Tulare County the activity has been very great, the additions to 
cultivation there being more widely scattered than in Fresno, but the 
total is even larger. In Kern County a remarkable degree of develop-
ment is in progress, and the fruit colonies under way in the neighbor-
hood of Bakersfield, Poso, and Laerdo have laid out a large acreage for 
future cultivation. One most striking enterprise is in the northeastern 
section of Kern County, where three fruit colonies have been established, 
the water supply for which is found in tlw powerful artesian basin now 
being developed therein. In San Diego County there has been a steady 
increase in the area and service of several great enterprises established 
therein during the last two years. The acreage of fruit as well also as 
of grain farming bas largely increased. Small areas have been brought 
under irrigation by wells and small phreatic supplies. In both San 
Bernardino and Los Ang~les Counties there has been a steady growth 
during the past years of numerous small irrigation areas served by local 
supplies, chiefly underground. One of the most interesting develop-
ments is being made in Inyo County-a region of high altitude, lying 
between parallel ranges of the Sierras. In other mountain counties, 
as Lassen and Sierra for example, considerable progress has been made. 
In Lassen it is seen in utilization as reservoirs of natural storage basins. 
In Sierra County the developmtnt of an artesian supply of water is 
referred to. In Shasta, in the extreme northern part of the State, irri-
gation ent3rprises for fruit cultivation are under way, while elsewhere 
iu the foothillfs region considerable activity and interest Lave beeu mani-
fested; progress to a considerable extent is reported. 
In further illustration of the effects of irrigation are presP-nted the 
following summaries of the "taxable values" of California for 1879 and 
l 889, as summarized from the Senate committee's report: 
1879. 
13 southern counties enriched by irrigation . ····-···--· .... $102,516,281 
11 other counties, wherein irrigation increases.·--·--...... 47,791,104 
8 foothills counties, partially irrigated.................... 23, 739, 268 
1889. 




$248, 405, 414 
51, 544, 991 
12,657, 874 
Total. •••••••••••••..•••.•••••....••••••.•.•••••.•••.. 174,046,653 486,714,932 312,608,279 
The increase in the balance of the State, ~1 counties, amounted in 
1889 over 1879 to $192,125,578, or $56,297,836 less than in the first 
division given. 
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IN COLORADO. 
This State has shown a great deal of activity in the construction of 
ditches and by an increase of the acreage to be served. This increase 
was especially manifested in southeastern Colorado, in the Valley of San 
Luis and in the western and the northwestern portions of the State. The 
estimates made by the Senate committee in 1889 of the area under 
water and cultivated .are as follows: 
Statement& junlished Senate committee by Prof. L. G. Carpenter and State Agricultut·aZ 
College, 1889. 
Number of water divisions·----· .... :................................... 6 
Number of water districts....... .••..... .. .• . ... .• . ••. . . . .. . . . . . . . . . . .. . 44 
ACl·es under ditch ...........................................••.......... 2, 913, 273 
Statement fut·nished by Sta.te Enginee1' Max1relZ, 1689. 
Divisions east of and in the Rockies...... . • . • • • . . . . . . . . . . . . . . . • • . . • • • • • . 3 
\Vater districts.. . • . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • • • . . . . . . . . . . . . . . . . . . . . . • 35 
Acres nnder ditch ...... --~· ..•..•...........•....... -................... 2, 522, on 
Acres actually irrigated................................................. "997, 346 
Number of reservoirs.................................................... 162 
Number of ditches...................................................... 2, 000 
Mileage of ditches . . • • . . . . .. . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . • • • •• 5, 000 
Estimate of U. S. Geological Survey, 699,530 acres irrigated. 
Since that date about 750,000 acres have been added to the area under 
water. The totals according to the admirable summing up of Prof. L. 
G. Carpenter, whose statement is givep. in this report, is as follows: 
Sqnaremiles .....................•.•...••.•....••...........•........... 6,2!16.89 
Acres under ditch ....................................................... 4, 004.009 
Acres irrigated ..•.•.....•......•....•...........•...••.•.•.•............ 1,585, 000 
The mileage of canals reported to the State Engineer's office is 6,316.89. 
This does not incluJ.e a considerable mileage of small ditches within the 
mountain valleys which are not reported nor recorded; the total within 
the State of mileage, adding these, is estimated at 8,000. The total cost 
of the reported works is given by Prof. L. G. Carpenter at $10,950,000. 
This does not include a number of reservoirs constructed during the 
past year nor the cost of the 2,000 and more wells that have been sunk 
in the valley of the San Luis. The total in the whole State of irriga-
tion works can not therefore be less than $13,000,000. There is an in-
crease of interest. in the economy of water, a growing public opinion in 
regard to legal measures for the protection of water users, and much 
activity displayed in regard to the feasibility and availability of under-
ground supplies. The use of pumping machinery has also increased in 
Colorado, a fact due largely to the comparative cheapness of cost with 
which this want bas been supplied through the use of pumps manufac-
tured at Greely, in that State. 
IN IDAHO. 
Great activity haR been displayed in portions of the new State. 
The Senate Committee on Irrigation and the governor of the late Ter-
Titory, in his last annual report, made a statement as to irrigation works, 
"Estimated acrenge under dit.ch and cultivatell west of the Rocky Mountains, 
291,000, making in all for .Mr. Maxweli'R report a total of 2,813,273 acres. 
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areas under water and cultivation, mileage of canals, etc. The totals 
are given for the thirteen counties in which irrigation prevails: 
Number of completed ditches ...••....•.••..•...... ,..................... 1,311 
Miles of completed ditches........................ . ................ ..... 2,418 
Acres irrigated and under ditch in 1889 . • • • • • . • • • • • . • • • •• • • • • • • • • • • • • • •• • 715,500 ~ 
Acres that can be reclaimed, estimated ...........•••....••••....•.•..... 7, 141,400 
Less than one-half of the area under ditch is actually cultivated. 
Governor (now United States Senator) George L. 8houp, in his last re-
port as executive of the Territory, presents a statement and table from 
A. D. Foote, C. E., of Boise City-a most competent authority-which 
gives the following totals for 1890: 
Acres. 
Area now irrigated (that is cultivated).................................. 327,000 
Area to l>e irrigated when projected works now constructing are completed. 1, 1f:ll, 500 
Area irrigal>le with proper wat~r supply ............•.................... 5, 046,500 
Reservoir sites, capacity in acre-feet of water.... . . . • • • . . . . . . . • . . . . . . . . . . 4, 780, 000 
The estimate of the U. S. Geological Survey for 1889 is as follows: 
Acres. 
Area irrigated and under ditch.......................................... 400,000 
Area under ditches, constructed and projected...................... ... . . . 740, 000 
During the past year it may be fairly estimated that 100,000 addi-
tional acres have been brought under ditch, 35,000 of which have been 
brought under cultivation, while new works in progress in southern 
Idaho, in Bingham County, and in the Boise Valley will soon add sev-
eral hundred thousand acres to the area under ditch. 
THE CENTRAL DIVISION OF THE •PLAINS. 
Western Kansas and Nebraska, with a considerable portion of eastern 
Colorado and Wyoming, belong to the area of wells and underflow de-
-velopment. In Nebraska (1889) one irrigation enterprise on the North 
Platte projected a service for about 10,000 acres. Enterprises now com-
mencing and covering portions of Nebraska, and southern, western, and 
north western Colorado and Kansas, propose to provide a service of 
water sufficient to insure security for 150,000 acres of land. Several 
small areas in western Kansas are also active in organizing irrigation 
works. In the valley of the Upper Arkansas about 500 miles of ditches 
had been constructed by the close of 1H89, by which it had been pro-
posed to serve about 350,000 acres of arable land, as well as to place 
under ditch a large grazing area. This system of surface supply has to 
a considerable extent proved a failure. Works of importance to be fed 
by the underflow of the Arkansas Valley have been under way during 
the past year with every promise of snrcess. In southeastern Colo-
rado the area of land to be served by ditches, constructed during the 
past year and suppJied by the Arkansas River below Pueblo, is about 
68,000 acres. The canals in progress in the same region will have a 
length of 350 miles when completed. 
IN NEW MEXICO. 
The Territory is developing quite rapidly. The principal direction 
of settlement is to the Maxwell grant, in the northern section, along the 
central portion of the Rio Grande Valley, into tb.e Mesilla Valley, and 
especially in that of the Rio Peeos. Large works are under way at tiif-
fereut points in tlle Rio Grande and iu the lower part of the Pecos, 
where, especially, a railroad is just finished, and of,her reservoirs and 
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additional canals are rapidly approaching completion. There is a pop-
ulation there in all of about 20,000. Two years since there was not one-
fourth of that number. All of the works projected and constructing in 
New Mexico promise to be of the most substantial character. The fol-
lowing were the estima.tes presented for 1889 in the Senate committee's 
report: 
Snnnna1'y of cettstts, .Federal and TetTitorial, 181:30 arul 181:!5, pre.sented to the Senate com-
mittee ·with estinwte. 
Year. 
No. of No. of Average 
farms. acres im- acres per 
proved. farm. 
1880 -- .. -••••• -••• - ••• -••••• -........... • • • • .. .. • • • • • • • • .. • • • • • • .. .. • • • • .. 5, 053 
1885 ...................................................................... 10,511 







According to estimate of T. B. Mills, presented by the U. S. Geolog-
ical Survey, the acres under ditch in 1889 were 638,455. 
Under recent inquiry made by various Government agents, the fol-
lowing are presented as the best figures obtainable for 1890: 
Total arable area of Territory ...••....••••.•••.•••...•..••••.••• ··---· 
Total reclaimable area of Territory with present works ....•..•••• ···--· 
Total acreage under ditch and irrigated .......... _ .. _ ....... -. ....... . 
:For Eddy, Chaves, and Lincoln Counties, at least, may be added as now 
"under ditch" ••••...•. __ •...•.•••.•••.•••.•.•..••..••.•••.•.•.•.... 









In this Territory the actual increase of acreage by irrigation has 
been moderate. The Senate committee's report presented the follow-
ing table of areas under ditch and cultivated: 
Estin~ated by the Senate comntittee front testimonies git•en in 1889. 
Number of counties reported ........ _--· ................................ _.. *8 
Number of canals reported and estimated ........................ ··----.... 203 
Number of miles ..•• ...• ...• ..•••• .••••• ...•.• ... ... ...• .••. ..•• .... ...• .. 740t 
Acres upder ditch .•••....••••••....••...•.•.....•.................•........ 529, 200 
Rep01·t of the United States Geological Su1·vey estimated by M1· . .F. H. Newell, C. E. 
Number of cotrllties ..•• -~--·· .•• .•• .•.• .....• .•.• ... .... .... ...... ....•..• 10 
Acres under ditch ........................................... _... . • . . . . . . . . 45fl, 600 
Acres under irrigation .................................................... 175,000 
Acres cui ti vated .......•.••..•...•.....•.....• __ ••..•...•..•...•. _.. . . . . . . 203, ObO 
The acting governor, in his annual report to the Secretary of the 
Interior, under da-te of September, 1800, gives the following totals: 
Areas under ditches, in acres ............................................. 587,460 
Areas actually irri a ted, in acres ... --· ......................... --- ........ 295,200 
l\1iles ofcauals ............................... -... ...••. .... .•..•• .... .••.. 845! 
These are estimates made in the acting governor's report for 1890. 
The governor estimates tile total area recl<timable at 5,5.50,000. Lieu-
tenant Glassford, U. B. Signal Service, and others, estimate it as high 
* Ten counties not reporting. 
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as 10,000,000 acres. Capt. George M. Wheeler, E. C., put the possible 
area at 25 per cent., or over 26,000,000 acres. The latest estimates 
given, g-athered by Government agents, are as follows: 
Acres nnder ditch .......•......•••...........••••.........•.••••......•.. 669,440 
Acres to be reclaimed by works in progress ...••.......................... 245,000 
Miles of ditches.......................................................... 1,064t 
Miles of ditches in construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •• . . . 300 
The development has mainly been in the slow progress of enterprises 
that were already under way when the year begun; in the reorganiza-
tion or consolidation of enterprises; in the establishment of several 
colouy movements-one of which is described elsewhere in this report; 
and in the growing- evidence of the capacity of large areas within this 
Territory adapted to the production of the finest variety of semi-tropical 
fruits and vines. There is no doubt that the emming year will see a 
more definite policy and a more determined effort in southern and cen-
tral Arizona, at least, to i]laugurate irrigation for the cultivation of the 
soil on a large scale. The prosperity of the Salt River Valley is an 
ample inducement to that end and an argument for its success. 
IN OTHER STATES AND IN UTAH. 
The changes in Wyoming, Utah, eastern Oregon and Washington, 
and Montana have not been in 1890~ in actual results, of a very marked 
character. In prajected constructions, however, work of great impor-
tance is under way. The Bear Lake enterprise in Utah is making some 
progress. Activity prevails elsewhere, as is shown by the incorpora-
tion of several companies. There can be no great increase in irrigable 
area under the present Mormon policy, but larger works on a more 
scientific basis of storage and distribution. 
The following estimate is made from the testimony taken by the 
United States Senate committee in 1889: 
Number of counties reported............................................... 23 
Number of acres under ditch .........................•.................... 700,000 
N 11111 ber of acres irrigated ..........................•..........•.......... ·. 413, 000 
Number of canals......................................................... 1,079 
Number of miles in ditches................................................ 3,903 
The following estimate is presented by U. S. Geological Survey on 
authority of Mormon Church officials: 
Counties reported......................................................... 23 
Acres under ditch ......................................................... 802,456 
Acres irrigated ............................................................ · 371,4:37 
In addition to these totals the Mormon authorities reported 1, 794 
flowing wells with a total irrigation of 1,193 acres. Marcus E. Jones, of 
the Deseret University, reported to Governor Thomas, 1889,2,000 wells, 
and at least 8,000 acres irrigated by them. 
In Montana the Senate committee report for 1889 gives an area under 
ditch of 986,000 acres; actually about 350,000. Considerable activity has 
prevailed, and with the increased area of cultivation the total will reacb 
at least 400,000 acres. Work in progress and part1y constructed will 
make 1,100,000 acres, a not unreasonable estimate for the area under 
ditch. 
The area reported (1889) in Wyoming under ditch, by the Territorial 
engineers was as follows: 
Number of recorded ditches.................................. .. • •. . .. . ••• 2, 349 
Number of unrecorded ditches........................................... 466 
Number of miles in ditches.............................................. 4,249 
Total carrying capacity in miner's inches................................ 33,475 
Total of acres served . . • • • • . . • • • . • • • • . . . . • . . . . . . . • . • • . . . . . . . . . • • • • • • • •• • ), 946, 876 
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The area cultivated may be estimated at 8 per cent., or about 160,000 
acres. The increase in 1800 in cultivated area (beyond forage plants 
and pasture) Will not be less than15,000 acres; making in all175,000. 
No increase in ditches or mileage is reported. 
':rue irrigation estimates in easteru Washington and Oregon, made to 
the Senate committee in 1889, were as follows: 
EASTERN OREGON. 
Acres. 
1.-<89. Under ditch (estimated) ............................................. 75,000 
Actually cultivated .... ...... .... ...... .... ...... .... .... .... ....... 3b, 000 
1890. Under ditch (estimated) ............................................. 100,000 
Actually cultivated .... .... .... ......... .... .... ...• .•.. ....... .... .... 45.000 
EASTERN WASHINGTON. 
Acres. 
1889. Under ditch (estimated) ................... ----...................... 75,000 
Actually cultivated---~---- ................................ _........ 50,000 
1890. Under ditch (estimated) ............................................. 150,000 
Actually cultivated................................................. 60,000 
Nevada has made some progress during the past year. It may fairly 
be estimated as follows : 
Acres. 
1889. Under ditch......................................................... 75,000 
Under cultivation................................................... 50,000 
1890. Under cultivation................................................... 75,000 
An awakened interest is felt throughout the State, as will be seen by 
readiug the review elsewhere presented in summaries of State progress. 
The next legislative session will not adjourn without taking some defi-
nite action for a generous attempt at fostering large reclamation efforts. 
The Black Hills in South Dakota is at present the only section irri-
gated by surface works; the area under ditch is estimated at 100,000 
acres, and that under cultivation at about 20,000 acres. Elsewhere 
small experiments by artesian wells reached an area of about 2,000 
acres, and have clearly demonstrated the possibilities of that supply. 
In Western Kansas, Nebraska, and Texas, some increase in area of 
cultivation and a large addition to that "under ditch" has been noted. 
The estimates are as follows: 
Under ditch. 
J--1-88-9-.~-1-89-o.--10uW;~ 
\Vestern Kansas .................................................. . 
\Yestern Nebraska ................................................. . 













The area indicated as cultivated is of course largely used for forage 
plants, as welJ as cereals and roots. 
THE TOTAL RESULTS PRESENTED. 
These figures, when ~ummed up, present the totals that follow. This 
office has been scrupulous in its endeavors to obtain exact statistics. 
That it has not yet been as successful as is desirable is due to inability 
to send agents out, and to the fact that the States and Territories, with 
the exception of Colorado and Wyoming, have not as yet made any 
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direct effort to secure a full account of the important interest under re-
view. Probably from this date, however, this difficulty may not be met 
with, as in addition to the systematic efl'orts making under law by the 
Department through this office, the United States Census Office has 
also made a minute inqniry. The Treasury Bureau of Statistics, in 
dealing with internal commerce, is publishing considerable information. 
The U. S. Geological Survey is·also reported to have been active while 
carrying forward topographical work within the arid region in gather-
ing irrigation statistics, and a most important inquiry into climatology 
has also been completed under a resolution of the House of Represen-
tatives by the United States Weather Service, under Brigadier-General 
Greely's direction. All of these reports will largely extend our knowl-
edge of the arid region and of the possibilities of reclamation therein, 
even if there is a loss of energy and a waste of money in pnrsuing such 
a diffused system of inquiry. 
Lands undm· ditch in the at·id and senti-add region .• 
. 
Acreage under ditch. 
1--1-88-9-. -:---1-89-0-. -1 Cuty;9~:ion, States. 
Arizona.*................................................... 529,200 
California.................................................. 3, 29~, 000 
Colorado . .... .. .... .. .... .. . ... .• ...... ••.••• .•••••... .. .. 2, 813,273 
Irlabo ...... ....•. .•...• .••... .•••.. .••••• .•••••...•.• .•••.. 715,500 
KansHs (western) ..•... ...• •. ...••. .••••• •..• .. .... .. ...••. 500, 000 
Montana................................................... 986, 000 
Nebraska (western)........................................ 50,000 
Nevada ...... •••••• ...• .. •..• .• ..•• .• . . ... .•. .••. .••••• .••. 142,000 
New Mexico................................................ 638,455 
Oregon (eastern)........................................... 75,000 
South Dakota (BlHck Hills)................................ 100,000 
Elsewhere in Da,kotas ........••.•.•.•.••.••••••..•..•..•••.............. 
Texas...................................................... 200,000 
Utah....................................................... 700,000 
.,.Vyoming .••• .• .... .. ...... ...•.. •...•. ..•. .. ..•.... •••.••. 1, 946,876 















1, 9-!6, 876 
150,000 


















*In .Arizona for 1890 two estimates were sent in, one of 587,460 acres under (litch. and 295,200 culti 
vated acres, by tbe Acting Governor; the other, by Government officers, of 699,440 acres under ditch 
and 325,000 cultivated. The figures above are the mean of the two estimates. 
It may safely be assumed that there are very many small irrigated 
areas scattered throughout the arid region, which are not included in 
tllese estimates. There are also larger areas, not many in number, per-
llaps, in wllich the use of water for irrigating natural and cultivated 
gra~ses is of con~jderable importance. No estimate is attempted of the 
small irrigations of house gardens, lawns, and fruit trees, which pre-
vail in every city, town, and village west of the ninety-seventh merid-
ian. Altogt.:~her it will Hot be unreasonable that the area 1ctually 
cultrvated in 1890 reaches at least 8,000,000 acres. 
CROPS OF THE ARID REGION. 
The following carefully summarized table presents objectively, and it 
is hoped effectively also, the latest data as to agricultural production 
witlliu the region affected by arid conditions of climate and precipita· 
tion: 
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Estimatecl amo11nl of Cl'ops, etc., named for 1890 within tl1e States and Tcn·itorics affected 
by a1·idity. 
[Based on Crop Heport, December, 1890, Departar.ent of .Agriculture.l 
Divisions. Corn. Wheat. Oats. .Acreage. Value. 
Bushels. Bushel<J. B1~shel11. 
United States . ~ . - .. - ........ - 1, 489, 970, 000 
.Arid and semiarid regions 
309, 262, 000 523, 621, 000 134, 489, 286 $1, 311, 255, 615 
west of 97th meridian ... 1 93, 602, 000 146, 133, 000 109, 542, 000 29,353,119 266, 500, 988 
Arizona . .......... ........ ........................... 311, 000 25,000 280,044 
Cahrornia ....... .... .. .... 4, 396,000 29, 121, 000 1, 941!, 000 2, 657,256 26,077,559 
Colorado .....• 767,000 1, 777,000 2, 498,000 23R, 888 3, 171,097 
Tbe l>akotas --~~~::::.::· 12,030,000 40,411, 000 24,846,000 6, 277, 2il2 42,253,767 
Idaho .................... -- 1, 370,000 1, 093, 000 119,496 1, 702,989 Kansas·::::: :::: ....... ... 55,269,000 28,193,000 31, 269,000 6, 903,775 61,779,385 
Montana .................. 1, 488,000 2, 707,000 177,785 2, 841,078 
Nebraska .................. 55,310,000 15,315,000 22,430,000 5, 543,918 46,936,181 Nevada ·-- ----------· ·-- ......... ... ....... -· 250,000 18,489 214,658 
New Mexico 1, 126,000 1, 105, 000 392,000 163,2:29 2, 095,383 
Oregon (easter~)-:::::::::: 173, 000 12,865,000 6, 658, 000 1, 117,201 13, 092, 149 
Texas ..................... 63, 802,000 3. 575,000 11,059,000 5, 266,266 55,416,616 
Utah ...........•.......... 739,000 2, 279,000 1, 059,000 203,917 2, 862,403 
Washington ...... ...... . .. ............................ 8, 071,000 3, 497,000 540,667 7, 777,679 
It must be borne in mind in considering the :figuresoftheabove table 
that portions only of Texas, Kansas, a.nd Nebraska lie west of the ninety-
se\'entll uwri{lian; wllile iu the northwest those portions of Wa~hing­
ton aml On•gw1 which are east of the Cascade Range are proper1y clas-
sified as w1 t IJ i 1 r I e arid and· semi-arid regions. For the Stat«>s named 
east of the Htw'· y jlouutaius only one-third of the areas are to hA con-
sidered. A f;n\· ,_.stimate will take from the totals given in each case 
about two-thirlib ' "the whole. In Washington one half of the total 
product at least will be east of the Cascade Range. In the case of 
Oregon it will be only one-third. With these explanations the table 
wtll stan<l. Following this estimate while making the deductions re-
quired by it and we shallllave for the region west of the ninety-seventh 
meridian these figures for the year 1890: 
Bushels. 
Corn ...............................•.....•.......... - .. --.. . . . • . . . . . . 80, 592, 666 
\V heat ........................... _ .•••...•. _ ...........•....... _.. • • • . 102, laO, 392 
Oats.................................................................. 60,546,664 
Total acreage is estimated at .... .... .... .... ...••. ..•• .... .... ...• .... 17,418,146 
Total valne of crops named ...•.....................•.•................ $144, 464, 643 
On the basis of the crop reports for 1889, and making allowances for 
changes, the following figures for other farm crops within the same area 
are estimated as for 1890: 
Bushels. 
Barley ....................•............••. :. . . . . . . . . . . . . . . . . . . . . . • . . . . . 22, 000, OCO 
Rye ....••••..•••••....••.•••••••••.•••••...•••••••••••••••••.•••••••. 3,000,000 
Potatoes ..................... _.. . . . . . • . . . . . • . . . . . . • • . . . • . . . . • • • . . . . . . 26, 000, 000 
Buckwheat ........................ ·---··............................. 1,100,000 
Tlle crop area thus covered will not be less than 1,800,000 acres. The 
area required for the hay crop of the region under review will not be 
less tllan 5,500,000 acres, and at an average of 1.25 tons per acre, the 
yield will be about 6,840,000 tons .. 
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A valuable comparison will be found in the following table showing 
the-
Pe1·centages of fm·m area-3, popula,liou, valne of laml teruwes, yield and acres in c01·n, 
wheat, oats, and the at•el'fr.ge value of stock in the United States and in the a1·id and 
semi-arid regions thereof. 
LAdapted for this report from the Album of A_gricultural Statistics, Department. of Agriculture, 1889.] 
Farmlands. .. Rural popula· Lands in arid tion. States. 
StateR aml Terri- Rela- Rela-
tories. tion to Aver- tion to 
Total :treas. Tillage. Grass Wood Unpro- In agri- United age United land. laud. dnctive. culture. States States 
(aver- vaJue. (aver-
age). age). 
--- - --- -- --- ------
I Acres. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
United St.ates . 2, 295,043, 8l0 4L6 11.5 3!'. 5 11.4 4-! --··-·· $19.02 --··--·-
Ac~, ..... __________ .. 
1 
"· "'· '" :l6. 6 4. 8 9.!) 48.7 15 -65.9 8. 32 -56.3 
Califomia....... ... . . 100,992,640 :m. 8 24.5 ]0.1 25.6 21 -52.3 15.79 -17.(1 
Colorado ... __ ..... _. 66, 880, 000 23.8 29 3. 8 43.4 13 -70.5 21. ~5 +13.3 
Dalwta, ..ISorth and 
South .......... _.. 96, 596, 480 21.7 8. 6 2.1 67.6 49 +11.4 5.89 -69 
l<laho ............... 55,228, 1()0 37 23.2 3.() 36.2 25 -43.2 8. 64 -54.6 
Kansas"' ............. 51, 776,240 40.6 9.6 4. 6 45.2 64 +45.5 10.98 -42.3 
MontamL ............ 92,016, 6!0 3~. 9 31.8 .9 34.4 20 -54.5 7. 97 -58.1 
Nebraska t .......... 48,636, 1:>00 47.4 8 3. 3 41.3 59 +34.1 10.65 -44 
Nevada ............. 71, 737,600 3:!.4 31.5 a. 5 31.6 13 -70.5 10.19 -46.4 
New Mexico ........ 77,568,640 30.2 7.4 34.7 27.7 35 -20.5 R. 74 -54 
Oregon t ............ 60,975,360 29 23.2 33.8 14 40 -9.1 13.50 -29 
Texast .............. 175, 587,840 21 13.8 43.7 21.5 69 +56.8 4. 70 -75.3 
Utah ................ 54. 06~. 640 45.5 18 .3 36.2 36 -18.2 21.38 +12.4 
Washington t .•....• -~ -14-, 796, l(j(! 23 11.4 31 34.6 42 -4-.5 !l 8.3 4.8.4 
Wyoming_ .......... 62, 6-15, 120 19.4 47.4 .4 32.8 .18 -59.1 f'. 7"' fi4. 7 
- - - - _______ J. - -- -




Cultivated by- To each To each 
1,000 1,000 
Total. acrb!i of 'Total. acres of 
Owner. money on land sur- land sur-
I
Tenant, Tenant, total total 





United Statel!l ........... . 
Arizona .... __ ....... 767 
Califomia . _ ........ _ 35, 934 
Colorado . . . . . . . . . . . . 4, 506 
Dakota, North and 
South .... _ ....... . 
Idaho ............... . 
Kansas* ............ . 
Montana ............ . 
Nebraska t ......... . 
Nevada ............ . 
Now Mexico ....... . 
Oregont ............ . 
Toxast ............. . 
Utah ....... ........ . 
Washington l ....... . 













Per centiPm· cent Percent 
86 5.5 7. 7 
80.2 8. 9 10. g 
87 3. 7 9. 3 
96.1 . 4 3. 5 
95.3 1. 7 3 
83.7 3. 2 13.1 
94.7 1.1 4.2 
82 3.1 14.9 
90.3 4. 5 5.2 
91.9 .4 7. 7 
85.9 4.6 9.5 
6:.?.4 6.9 30.7 
95.4 • 6 4 
92.8 3. 2 4 
97.1 1.1 1. 8 
I 
Acres. Acres. 





5, 924,566 113 
4, 097' 067 84 
53,609 1 
7,140 1 
4, 814, 363 29 
33, 500 1 

















*Only one-third,. or thereabouts of this State is included in the semi-arid region. 
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Pm·ccntages of farm areas, population, value of land tenut·cs, etc.-Continued. 
Oats. Average value per head. 
States and Teritories. Relation Cattle I 
·Aver..tge to United H (exclud- Sh Swine. 
yield. States orses. ing milch eep. 
(average). cows.) I 
-------------1- ----------------------
Per cent. Per cent. 
United States..................... 27.0 
Arizona . .. . .. . .. .. .. .. . . . . . .. . . . . . . .. . . 25. 0 
California............................... 28. 2 
Colo ratio .. . .. . . . . . . . . . .. . .. . . . .. . . .. . . . 31.7 
Dakota, North and South . . . .. . . . . . . . . . . 31. 5 
Ttlaho.................... . . . . . . . . . . . . . . . a2. 1 
Kansa<~* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29. 3 
JUontaua.................... . . . . . . . . . . . 34.2 
Nel>raskat ...... ...... ............ ....... 30.4 
Ne,·ada ..... ....... .... ......... .... .. . 30.4 
New MexictJ.......... .................. 22.6 
Ore_gont.... . . .. .. .. . .. . . . .. .. . .. .. . .. . .. 29.1 
'l'ex:1st...... .. .. • . . . .. . . . .. . .. .. .. . . . . .. 24 3 
Utah.................................... 26.3 































































.,. Only one-third or thereabouts of this State is included in lihe semiarid region. 
tOne-half or more of these States are embraced within the region under review. 

















It has been deemed important to ofler a brief review of recent legis-
lation and of matters discussed or pendiug. In an article published in 
1888, and since adopted by .Appleton's Cyclopedia, the special agent 
laid down the governing law in arid regions as to the disposition of 
water for economic uses. As these principles and habits are universal 
where aridity prevaHs they must govern. They are stated as follows : 
*(1) The maintenance of a general sovereignty among all civilized 
nations over all navigable waters. *(2) The Anglo-Saxon or common 
law jurisprudence recognizes riparian rights or control over running 
water or other natural supplies of the owners of the land bordering 
thereon. *(3) The Latin jurisprudence, and all codes founded thereon, 
as well as all the Oriental codes, customs, aud systems, place all natural 
waters as subject to "servitude," therefore public propel'ty subject to 
economic individual use through community rules or legislative enact-
ments. 
In this country the Spanish auc.l Mexican codes and customs in this 
direction govern in large portions of our western and southwest terri-
tory. 
IN SOU'l'H DAKOTA 
Legislation has been adopted looking to the encouragement of irri-
gation by means of the construction of artesian wells through public 
taxation, the waters of which are thereafter to be stored and used for 
irrigation purposes. The first actR were passed by the Territorialleg-
1s1ature, and remain upon the statute books of both North and South 
Dakota. The sections relative to water rights, adopted in 1887, pro-
vide that persons owning land al-so have a proprietary right to the use 
of the water thereof. The right of way is given to ditches, flumes, and 
other works. Damages may be assessed where such works cross dif-
ferent bodies of land. The waters running were made available for ben-
" Harper's Weekly, Sept.21, 1888, ".{rrigation" by R. J. Hinton; Appleton Annual 
Cyclopedia 1889, title "Irrigation." .. 
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eficial uses "without regard to deterioration iu quality or diminution of 
quantity, so that the same do not materially afi'ect the order or rights 
of the prior appropriator." One year's failure to use forfeits rights in 
ditches or other works. Provisions exist req niring the rapid construc-
tion of all works needed, having tl1e use of' any prior appropriation of 
water. Failure to commence construction within 60 days after location, 
appropriation being required, shall forfeit the same. 
By sections 2760 and 2771 of the ''Political Code" of the Territory, now 
in force in both States, it is provided that-
The following land burdens or servitudes upon laud may be attached to other land 
as inci(Tents or appurtenances, and are then called, easements : 
• • 
4. The right of way. 
5. The right of taking water, etc. 
* * 
9. The right of receiving water from or discharging the same upon land. 
10. The right of floo1ling land. 
11. The right of having water .flow without diminution or disturbance of any kind. 
Also that the owner of l:tnd owns water standing thereon or flowing over or under 
its surface, bnt not forming a definite stream. ·water running, in a definite stream, 
formed by nature over or under tho surface, m·a.y be nsed by him as long as it remains 
there ; but he may not prevent the natural flow of the stream, or of the natural 
spring from which it comtuences its course, nor pursue nor pollute the same." 
By an act passed at the last session of the Territorial legislature, 
1889, ''to provide for the sinking of artesian wells and construction of 
water courses therefrom," the probate judge of each county is made ex 
officio couuty artesian-well commissioner. 
On the filing of an application by ten freeholders for the sinking of a 
public well, aud giviug a description of the land, etc., upon which it is 
to be sunk, the same commissioner shall, within 20 days, appoint three 
persons as viewers, who shall examine the said site and report the 
route thereof. If auy oue object to the location aud route of said well 
and water course, and claiming damages because thereof, the viewers 
shall make a report of the said damages aud the amount of assessment 
therefor. If the board of county commissioners confirm the report in 
favor of locating the proposed well and with regard to the damages 
claimed, the costs, etc., shall be paid out of the county treasury. Un-
reasonable assessments may be set aside and a new one ordered. After 
the report made by the viewers is accepted the county surveyor shall 
make a survey and file a plat thereof in the county office. Railroad 
compauies are required to construct and maintain necessary openings 
and culverts for the passages of water ways across the road-beds of said 
railroad. All water ways crossed by public roads are under the juris-
dictiou of the road overseer. The wells shall be named by the county 
commissioner. He shall advertise for bids for contractR for the sinking 
or making of such wells and for the construction indicated therein. 
The contracts are to be approved before becoming valid by the board 
of county commissioners. 
After making the order for locating said public wells, the artesian-
well commissioneL' is required to notify the chairman of the county 
board aud the county treasurer, who, with the well commissioner, shall 
constitute a board of assessment. They shall proceed to make an esti-
mate of the costs of constructing the said wells and ways, and the funds 
for that purpose shall be apportioned as follows: An assessment upon 
taxable property, not to exceed 2 mills on the dollar, shall be made and 
known as the artesian-well fund. One-tenth of the cost of the well and 
water ways is to be paid out of the State funds. The l)oard of assess-
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ment shall then determine tlw proportions of cost to be borne by each 
of the organized townships in whicll said well or water ways are to be 
located and served. The amount to be paid by auy one township shall 
not exceed one-fourth of the e8timated co8t of said well and workH. An 
estimate shall then ue made upon the property of said township for the 
purposes of" general township tax for artesian-well purposes," which 
shall be held as a diRtinct fnnd for the pay!llent of said construction. 
The board of assessment shall also make a special assessment against 
the land directly benefited b,y sai<l well and water-ways, adjusting this 
assessment by a careful malcrstaudiug of tile relative distance of each 
parcel of land to be assessed from the well itself. 'rhe said assessment 
shall be levied as a Rpecial tax and plaeed in the tax list under the bead 
of'' direct tax for artesian well." It shall be kept separate as a spe· 
cial fund to pay for the cost of construetiou, etc. ~uch amount of tax 
may be collected in one year, or divided into two, three, four, or five 
equal installments, each collectible in pro rata annual payments. The 
board of assessment may act a~ a board of review for the raising or 
lowering any special tax assessment, upon the application of the as-
sessed land owner. All assessments of benefits shall be upon the prin-
ciple of benefits derived. The balance of the provision consists of the 
mmal safeguards for the collection and disbursemeuts of the public 
money. 
'rhe State of South Dakota, on the 8th day of March, 1890, passed 
"An act to encourage the construction of artesian wells." This act 
makes it lawful" for any person or persons, corporation or corporations, 
company or companies, to construct artesian we1ls upon any lands 
owned or leased b~~ sueh person, company, or corporation, for the pur-
pose of power and the irrigation of lauds for agricultural purposes, and 
for any and all purposes for which said water from such wells may be 
utilized. The right to survey is given to any such parties and they are 
made liable for actual damages by reason of such entrance and exam-
ination. Water ways may not be loeated, without written consent, 
within 15 rods of any dwelling house or any other buildings on the 
premises, or across auy orchard or garden. No land shall be burdened 
with two ditches when one is sufficient. Any person engaged in the 
business of supplying water for irrigation purposes shall have the right 
to sublet the most direct and shortest route practicable upon which 
their works and wells can be coustructed. They shall have the right 
also to cross any public highway or railroad, the same to be done under 
public supervision. The estimate of damages is provided for by a jury 
appeal. Penalties for interfering, for injuring, and the unlawful use 
of water (from $50 to $300 and by imprisonment for not more than 
90 days) are put in force. The plat of the route selected and surveyed 
is to be recorded in the office of the county register of deeds. The 
right acquired by location shall serve as an easement, "running with 
the land so long as the water way, thereon constructed, shall be used 
for the water flowing" from any well belonging to the carriers of water. 
All of said well ditches and water ways are required to be kept in good 
"epair. The cost of eonstrnetion to be borne by the proprietors in pro-
portion to their interests th~reiu. Any person over whose land such 
water ways shall be carried may have the right to use the surplus water 
flowing from said ditch or water way, by paying for the snme a just 
rental to be fixed, if necessary, by the board of county commissioners. 
Whenever said water ways or ditches are located along any public 
highway "the water which may be flowing therein shalJ be for the use 
of the public," under the same terms required ill the use of surplu& 
S. Ex. 53-5 · 
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water flowing across· private land. Permission also is given, under due 
notice and rules, to construct necessary ditches awl works acros~o~ the 
school lands of tile State. 
By auotiler act the office of State engineer of irrigation was created. 
The appointment of such Engineer was made contiugeut upon the pas-
sage by Congress of an appropriation for irrigation development within 
the State of South Dakota. The appointment was consequently made 
at a time after tbe passage of the organic division act of April 4, 1890. 
Tile salar.v is $1,000 per year with $500 for expenses. The engineer is 
placed in supervisory charge of the S)'Stem of irrigation within the 
State "by means of artesian wells, dams, reservoirs, basins, or other 
methods that may be found practicable." He is to recommend the 
enactment of such measures "as be may deem ne.cessary to perfeot a 
system of irrigation." He is required, also, to co()perate with the offi-
cers of tbe United States in any survey or investigation relating to 
irrigation problems in South Dakota. Experimental and observation 
stations are to be established. 111Ie volunteer observers appointed are 
to note carefully "'the tiwe aud manner of applyiug water artificially 
to the soil and its effects on vegetation." They are to colJect all other 
data that may be beneficial and make a report thereof to the State engi-
neer. Analysis of soH and water from different sectious of the State 
are to be procured, the same to be made by the State Agricultural Col-
lege. The State engineer is empowered to negotiate with the manu-
facturers of well and other irrigation machinery, iu order to secure the 
lowest possible prices, and also to negotiate with transportation com-
pauies for tbg bringing of the same within the State. He is req nired 
to make an anuual report. 
IN WASHINGTON. 
No copy of the act has been received by this office, but newspaper 
summaries indicate that the irrigation law recently passed has provi-
sions somewhat similar to those of the California laws known as the 
"vVright District Code," by which the citizens of any area that can be 
served with water .from a common source for irrigation purposes may 
form, under conditions provided for, a municipal district, with power to 
issue bonds, pay interest, levy rates, constrnct workR, distribute water, 
and empower the collection of rental and other dues for the use of the 
same. 
No additional legislation is reported from any of the irrigated 
States or Territories during the year 1890, except that at the last 
session of the Colorado State legislature a commissiou was appointed 
to modify the numerous and somewhat contradictory irrigation laws 
of that State. This report will be made during the present session 
of the State legislature. 
WATER CARRIERS OR WATER OWNERS. 
Considerable excitemeut has arisen among the farmers and other water 
users of the State with regard to this report. It js charged by the 
water users that the commission was formed in the interests of the 
incorporated carriers of water. Practically both the farmers' organi-
zations and the newspapers that represent them are a unit in demand· 
ing tbat·the legislation to be arlopted shall provide for some form of 
permanent control and public ownership, either by the State direct or 
by a corporate subdivision thereof, whether the same be a water divi-
sion or district or by counties. 
In the main the controversy ·is directly tending to the advocacy and 
adoption of laws Gimilar to those which already exist in California. 
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THE ;'WRIGHT" DISTRICT SYSTEM OF CALIFORNIA. 
The district irrigation of that State has unqueRtionably can sed a ees-
sation of litigation over water rights and prior appropriations. It is also 
gi\'ing a great impetus to the systematic aud economic enlargement of 
water systems and of the usage thereunder. Objections have been 
urged in California against the provisions of the Wright irrigation Jaws 
upon the ground that they give undue advantage to holders of larg·e 
areas of unimproYed land for speculation, and thereby dhmrimiuate 
against holders of well-improved farms, vineyards, orehards, etc. It is 
also charged that they generally clean out farmers having small means 
by requiring the compulsory payment of construction taxes before they 
can be in a position to utilize the water, thus, in a measure, thrust per-
emptorily upon them by the majority vote of the more prosperous irri-
gation districts. To the first statement it is practically certain that, 
under the tax provisions of the State constitution autllaws of Califor-
nia, the owners of large areas of land will find it impossible to bear the 
burden of any single irrigation district with the view of securing to 
them a monopoly in the way of water supply. £and is taxe<l in Cali-
fornia separately from its improvements. 'fhis provision of the consti-
tution of 1880, so vigorously denounced at the time, baR, it is claimed 
by sagacious observers, in its application, turued out to be of the great-
est benefit to the State. It compelled the owners of large areas, prac-
tically unimproved, to invest large sums for the construction of water-
works in order to make their lands valuable and to aid in the production 
of crops, by means of which an income could be procured to pas the 
taxation imposed. In otller words~ land owners have found it necessary 
to improYe their lauds, when they had to pay no more taxation for sneh 
improvement than if their hwd remained in a wild Rtate. 1\fany mil-
lions of dollars lHwe since 1880 been most beneficially invested in the 
constructiou of irrigation works, especialls in southern California, with 
the result as stated elsewhere in this report. 
The first Htep was produced by the taxation clause of the State con-
stitution of 1880. The second is found in the necessary investment of 
capital for irrigation works. rrhe third and larger step towards the prOS· 
perity now hei ng tleveloped in the use of irrigation for the cultivation of 
the soil within the borders of California bas grown Ollt of the passage and 
administration of the Wright system of irrigation districts, which provides 
compensation tor all legal claims and ownerships, enables the cit.1zens of 
any proper hydrographic and drainage district having land to irrigate to 
quiet the prior appropriator of riparian title and disputes, to absorb all 
canal systems, obtaining the public ownership of water and the works 
required for their beneficial use, while maintaining the same at public 
expense and by public·taxatwn. The quieting of such rights and title 
with the construction of works must necessarily be a costly affair. As, 
however, the element of private profit is removed, its distribution 
through the issuing of bonds insttre that the distribution of the burden 
wi1l be equitable and not difficult to bear, even by the poorer land 
owners and water users. In every case so far, where irrigation districts 
have been formed in California, the chief supporters of the policy and 
the most active voters liherefor have been the small farmers within the 
area embraced, and, as a rule, the large owners have been persistent 
opponents of tile legislation and steps which provide for irrigation rlis-
tricts. 
The remO\'al of all reasons for litigat,ion as to water titles is a benefit 
that more than compensates for any annual cost imposed upon the 
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poorer farms at the beginning. As a matter of fact, however, the irri· 
gation district system, so far as reported, will provide for less I'(>ntal 
charges than t,he old system of iucorporated canal or colony compa1 ies 
has ever done. Witll the progress of the years for whicll the irrigation 
bonds are permitted to run the charge per acre necessarily becomes 
consid(>rable. The period of payment covers 21 ~'e~us, paymeut bt>giu-
niug by series, howeYer, at the close of 11 years. Tile anunal interest 
charges are thus lessened after 11 years, and that burden will of course 
cease entirely with tl1e paymP-nt of the construction bonds. The costs 
thP-rea.fter and for a cousid erable period before tlle bonds are finally 
paid, will mainly lJe tllat whicll is required for repairs aud ruaiutenauce, 
with a small annual charge for a permaueut fund to meet any deficiency. 
JUDICIAL DECISIONS .AFFIRMING CONSTITUTION.ALI'I'Y. 
Mr. L. M. Holt, ed<itor of the Orauge Belt, Hefllands, Oal., who is 
considered one of the best authorities in that State on all irrigation 
matters, states that the district laws have at uo time beeu subject to 
unfavorable criticisms, but that its praetical operation has dependc•l 
upon judicial jmlgment8. '.rwo of great importance have bePn reudered. 
In one, relating to the FLulock district, emlJracing lands in two conn-
ties, the case ~mbmitted put iu issne all matters relating· to the eonsti-
tutionality of the \:Vrig-llt laws. ~riJe court reudered its opinion in tbt~ 
ease sustaining the law at all points. In tlle course of its opinion the 
court said: 
The act under discut~siou in all?'e!JpectiJ complies with the various provisions of the 
State constitution. 
A.nd again: 
The general welfare of Ute whole people im;eparahly bouud np with the interl'sts 
of those liYing in sections which are dry and unproductive without. irrigation, is 
plain. to be seen pervading the whole act in question. This is uot a law passed to 
accomplish exclusive :Hld selfish private g·ain; it is an cxteusi\re antl far-reacbiug 
plan, by which the ~cncml pnhlic may be va:-;1-I,y lwnctited, and tile lcghdatnrc acted 
wit,h good judgmeut in evolving it. 
In another case the Supreme Court laicl down tile doctrine Umt the 
strict rule of construction would not he adopted by the court i 11 cou-
:o:;trning those p1ovisions of the law relating to the organizatwu of a 
district, or to the issuance of its bon1ls. In effect it was dPclarerl that 
any omission, not afl:'t~ cting a substantial right, would not be reg·ardetl 
hy the court. 
Steps have been taken to form a representative State orgauizatiou of 
inigation district~, legal reeognitiou of which is askecl from the State 
legislature. A State eon\'eution was held at Tulare in October, 1890, 
which a1ljourued to meet at thP. State capitol, Saeramento, on tiJe 8tiJ 
of Jartua.ry, 18!.H. Tlw policy of California tends to such reeoguition 
b.r State commissions, or other methods. There are alrea1ly iu exist-
ence a State board of agriculture, and State commissions of lwrticulture 
autl viticulture. 
PHOPOSED .AG'l' FOR S'l'A.'J'E IRRIG..A.'l'ION ..A.SSOCI.A.'l'ION. 
The following is the bill referred to and the full text is given as its 
o~ject is rather a llO\Tel one to tl1e people of the arid region : 
The people of tlw Stat1~ of Califomi<L, mpt'tlsenttHt in seuate aud ass<>muly, l.lo enaet 
a~ follows: 
StWTION 1. It sha.ll be lawful for five or more irrigation districts organized under 
aud by virtqe of an tt.ct eu.titled "An act to provide for t4e organi2:ation ~ud govern· 
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ment of irrigation districts," approved Marc} 7, 1887, to unite in forllling a Statn 
aHsociation of irrigation districts to which al. irrigation districts organized or to be 
organized under and by virtue of said act shall he entitled to nwHJhership upon terms 
of equality. Such association when formed shaH be a State institution. 
SEc. 2. The State Association of Irrigation Districts shall have power and it shall 
be its duty to inquire into the acts and inspect the works of all irrigation districts 
organized or to be organized nnder the Jaws of this State, and its antlwri:r,etl agents 
shaH not be denied access to the books and archives of any of said districts. Saitl 
association shall have power to make, ordain and establish and p11t iuto exPC'ution 
snch by-laws, ordinances, rules, and regulations as shall be necessary for the goocl 
government of said association; provltled that said by-laws, ordinances, rules and 
regulations as shall not be inconsistent with the laws or Constitution of this 8tate or of 
the Unitf'd State!:!. Said :u;sociation Rhall have power to contract and be contracted 
with, to sue and be sned, and its purpose shall be to promote H1e development ofthe 
district system of irrigation m California by securing the cooperation of the irriga-
tion districts of the State in a united effort to that end. Said association shall have 
power to a.ct as special agent for any irrigation district affiliated therewith, and wh('n 
duly authorized so to act by such district may do any of the acts wbieh such «listrict 
itself may do, but said association shall have no power to bind any district withont 
such special authorit.y except as berein provided. 
SEC. 3. The State association of irrigation districts shall meet in open sessinn in 
October of each year upon such day and at such place as shall have been determined 
at the preceding annual meeting, and each district belonging to such association shaH 
be entitled to one vote in the meetings of such association and shall designate some 
member of its board of directors to represent such district at such meetings. Provi· 
sion shall be made at such meetings for consideration and discussion of matters im-
portant to the development of irrigation in California, and industries dependent 
thereon; and it shall be the duty of such associatiOn to use all suitable means to col-
lect and diffuse such information as iA calculated to aid in the development of irriga-
tion and the district system thereof in this State, and shall make such recommenda-
tions and suggestions as experit1nce and good policy sl1all dictate. 
SEC. 4. The officers of said association sball consist of a board of five trustees, to be 
selected from among its accredited representatives, in whom shall vest the general, 
prudential, and financial affairs of said as~ociation, and whose dnty it shall be to 
execute its by-laws, ord-inances, rules, regulations, and recommendations. There shall 
also be a president and vice-president of said association, who shall be members of the 
board of trustees and ex officio president and vice-presideu t thereof; and a secretary 
and treasurer who shall not be memtJers of sait.l board. The president and two trus-
tees shall, at the first meeting of this association held snLseqneut to the approval of 
this act, be elected to hold office until the second annual meeting of said association, 
and the vice-president and one trustee shall be elected to hold office until the tirst 
annual meeting held subsequent to the approval of this act; and thereafter the terms 
of office of all trustees shall be two ~- ears, but all shall bold office until thf'ir succes-
sors have been elected and have qnalitied. If from any cause a vacancy shall occur 
in said board, it shall be filled by the remaining members until the next annual meet-
ing of the association. The secr~tary and treasurer shall be appointed by the board 
of trustees aRd shall hold office for two years unless removed for good cause sLowu. 
SEc. 5. For its maintenance said associatjon shall have power at its annual meet-
ings to levy au assessment upon the taxable property of all irrigation di~;tricts belong-
ing thereto not to exceed one cent upon each $100 of assessed val nation of property in 
such districts, and it shall be the duty of the boards of directors of such districts to 
include the same m their next regular tax levy, to collect the same with its oth13r 
taxes and pay it over to the treasurer of the association on or before the first day of 
March of each year. The by-laws of Raid association may also provide for the pay· 
ment by each district of an admission fee of $50 before being entitled to membership 
therein. The association shall have the power to nf\gotiate the sale of bonds of any 
district belonging thereto, when specially authori:r,ed so to do, and at a price not lower 
than a minimum price to be presf'l'iberl hy the board of direet0rs of said rliHtrict; lmt 
before undertaking to negotiate the sale of snch bonds, the legality of such bonds 
must be affirmed by au attorney to be selected hy the board of trustees of S!l id asso-
ciation, and the proposed work m.nst be approved by a civil engineer to be select.ed 
by said trustees. The expense of sueh affirmation Hnd approval shall be horne by 
the district ofl'ering bonds fur sale, and for its services in selling said bonds the asso-
ciation shall be entitled to receive a comnussion not exceed:ug one per centum upon 
the face value of said bonds so sold, but from which said commission there shall be 
deducted the expense of affirmation and approv:1l above referred to, whereupon the 
residue shall be paid to the treasurer of said associat.ion and become a part of the 
general fund thereof. 
SEC. 6. It shall be the duty of the secretary of said association to attend all meetings 
of the association antl of the board of trustees. and to make and preserve a record of 
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Rnch meetings; to conduct tbe correspondence of the aAsociation and of tbclloa,d of 
tru~o~tellt~ and preserve a record of the r;ame; to collect. fltatistks mul other iufonna-
tion showing the actual condition and progress ofirrigat.ion in this State and elswherc; 
to keep all accounts of the association and of the board of trustees; to visit each irri-
gati~ Jistrict in the State and prepare and cause to be published a report touching 
the area, character of soil, and production of said district, together with the natnre 
and cost of irrigation works, quantity of water utilized, source of supply, s~·steru of 
distribnt.ion, and such other matters as the board of 1ruHtees or association shall re-
quire, or shall seem to be of pnblic conceru. He shall correspond with investors a111l 
financial agencies1 and use all proper means to develop and maiutain a ready market 
for irrigation district bonds. He shall collect books, papers and pamphlets relating 
to irrigation and forms of production dependent thereon, and pn'serve the same. 
Und~r direction of the association and the board of trustees, be shall lHepare for 
publication such reports as are required by law or the association or trustees; and lly 
means of the is>~uance of periodical bnlletinR, he sllall keep the irrigation distriets 
belonging to the association constantly advised concerning all occnrreuces touching 
their interests. He shall appoint, subject to the approval of the hoard of trustees,a 
competent person as clerk and shall be responsible for the act:s of said clerk. He 
shall maintain an office in the city of San Fr:-~ncisco at au expew;e for rent, station-
ery, and incidentals, not:exceeding $r100 per annum, and said office shall be open daily, 
except Sundays aud legal holidays, from 9 o'clock a. m. to 4 o'clock p.m. He sl1all l.le 
paid for his services as secretary the sum of $200 per mouth, and his actual travel-
ing expens· s not to exceed $500 during any one year. His clerk sllall be paid a salary 
(as such clerk) of $50 per month, each to be paid as other State officer~"~ are paid. 
Said expenditures herein provided for are to date from the day upon whiCh a copy of 
the by-laws of said association, together with a certificate of organization, signed by 
the president and secretary thereof, is filed in the office of Secretary of State, antl 
are to be paid out of the general fund in the State treasnry. 
SEC. 7 All printing required to be done by th1s act shall be done by the State 
prmter. 
PROPOSED COLORADO CODE-MAJORITY AND MINORI'l'Y REPORT. 
Returning to Colorado, it should be borne in mind that ita laws re-
lating to water have been considered the most complete in all legalities 
essential to irrigation requirement. Duriug the past year, however, 
the proofs of many contradictory features therein, as well as a deeper 
cause of discontent, brought about the appointment, under legislati \'e 
enactment, of a commission to codify th~se law~. Two reports from 
this commission have been made. As they touch pro and con the fun-
damental sources of water litigation it bas been deemed desirable to 
incorporate herein the main features of difff'rence and the argumenta-
tive statements thereof. The farmers are united, it seems, in favor of 
the minority report. 
Two important is~mes are involved: First, as to what constitutes an 
"appropriation" of water, and second, as to the extent of right under 
the term "domestic water.". The two sections of importance in the 
State constitution are the following: 
SEc. 5. [Water public property. ]-The water of every natural stream not heretofore 
appropriated, within the State of Colorado, is hereby declared to be the property of 
tlte public, and is deflicated to the use of the people of the State, subject to appro-
priation as hereinafter provided. 
SEc. 6. [Dive1·ting unappropl'iated water-Prim·ity.]-The right to divert unappro-
priated waters of every nat.nral stream for beneficial uses shall nevf'lr be denied. 
Priority of appropriation shall give the better right, aR between those using the 
water fot· the same purpose; but when the waters of any natural stream are not 
sufficient for the service of all those desiring the use of the same, those using the 
water for domestic purposes shall have the preference over those claiming for any 
other purpose, and those using the water for ~tgrioultural purposes shaH have the 
preference over those using the same for manufacturing purpo~es. 
The minority report, voicing the desires and. demands of the farmers, 
declares that the application to the land constitutes the appropriation 
and not the conveyance thereto. That 'is to say, it is the land and not 
the ditch which makes the beneficial use that completes the appropri-
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ation. ThP ditch or other method of cou ,-eying is hut part of method 
or machinery required to make '' nse" a practicable fact. .Mr. Greeue's 
definition of" conveying" or "carrying" are tllus made clear. 
In the matter of" domestic use," tlte minority report disallowf. use in 
lawn, garden, flower beds, or other house appurtenances as '' donwstic," 
and forbids the same. An abm;;e of the constitutional proviso quoted, 
as certainly grown up by jnclicial interpretation, which has required the 
conveyanc~ of "domestic" water in open ditches, often for long <lis-
tauccs, thus renc1ering possible great Joss through evapol'ntion awl 
seepage. This bas sometimes consumed 9!) per cent. of the supply, aud 
that for the benefit only of one domestic user liviug at the end of such 
ditch. 
The commissioners are Mes~n·s. E. T. vVells (formerly a State judge), 
T. C. Henry (a prominent irrigator, ditch owner, and constl'nctor), and 
J. S. Greene (ex-State engiueer). The latter makes a minority report. 
Tlw majority state, preliminary to tbe presentation of tueir measnre, 
that-
Upon mature consideration of the subject it has se~med to the commission that the 
ideas fundamental to the system heretofore in force in this State, to ·wit, that a right 
to the use of water may be acquired by the diYersion and application thPreof to 
beneficial uses that prionty of :1ppropriation onght to control; that unappropriated 
waters are public property suhjeC't to appropriation by all, t.hat Hll pcr-ons anrl eor-
porations diverting the waters of the natural streams for use wholly or in part by 
others, are pnhlic servants and subject to regulation, and that the rigltts of all per-
sons entitled to divert water from the natural streams in each principal 1lrainage 
basin may properly be ascertained and det.ermined in one proceeding, a11d rt>g;nlatecl 
by one controlling authority, were fonnderl in a wise consideration of the natnre of 
the subject-matter, and deserve perpetuation. 
References are then matle to the constitutional d iYisi.on aud prefer-
ences in relation to water for "domestic" and for " 111annfacturing" 
uses. TlJat in relation to •' domestic" over "agricultural" uset:~ is 
considered unwise and the commission offers a separate proposition fur 
an amendment to the constitution abolishing tbe ~:;ame. The act sub-
mitted proposes-
That the area about the house within which wat.er may be sn pplied to the sustain-
ing of the trees, fl'>wers, and shrubbery shall not exceed one-half acre. If t.he appli-
cation of water to this purpose is to be deemed a domestic use, this limitation o£ area 
seems to be a reasonable one, and to some of the com mission it app<'ars eq 11ally rea-
sonable that such application of water ought to be classified as a domestic use. 
It also offers provisions for preventing waste and abuse of privileges. 
Mr. Greerre considers it a " perversion of language to cla.ssi(y as a do-
mestic use the irrigation of lands to any extent, or in a.uy place wltat-
soevt:>r." 
Article 2 treats of the acquisition of the right to the use of wat<>r. 
It contains nine sections and em bodies the doctrine of "prior appro-
priation." Owners of h•.kes with no outlets are to hasc the right to 
<lraw off and appropriate ~nch waters. 
Appropriation is defined as the application of the water to any bene-
ficial use whatever,and waste is prohibited. Change in the place of t..1 i ver-
sion may be made with the prmTisos that such change involve no i11jury 
to any other appropriator, and tha.t it shall not be necessary to retain 
the waters in the same cour::;e to give opportunity to others to enjoy the 
seepage from such works. 
''Abandonment" is defined as failure to apply the water to beneficial 
uses for three irrigation seasons cons ecntively ; water so abandoned 
shall be subject to reappropriation. Certain indulgenees are granted, 
however, such as excessive rainfall rendering further irrigation uunec-
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essary, sickness and disability, imprisomuent or other proC'es~ of law 
whereby tile appropriator is withheld from the use of hi~ la111l. 
Provision is made for the storage of unappropriated water for future 
use. 
Articles 3 to 8 prov1de for the acquiring and conveyance of lands for 
water uses, the conduct of water in natural channels, the O\'erftow, ete., 
· of ~;;treams, the construction, maintenance, ancl supervision f(>r use a])(l 
safety of all works, the administration of the waters of the State, duties 
of State eugineers and deputies, of superintendents of irrig-ation aiHl 
water commissioners, of irrigation diYisions and water dh~tricts, of regu-
lations, judgments, appeals, and their couduct, al.Hl for defining a unit 
of measurement, which i~ as follows: 
In all calcu1ations, measurements, records, and reports the State engineer a.nll as-
sistant shall use the cubic foot per second of time as the unit of measurement of flow-
ing water and either the cnbic foot or the acre foot as t.be unit of measurement of 
volume. The acre foot is the quantity of standing water which will cover 1 acre of 
land to the depth of 1 foot, and is equivalent to 43,560 cubic feet. 
Article 6 provides the more eompl(-'te recording of water rights and of 
the quantities appropriated. The special feature of this article, apart 
from its careful provisions for records, is the declaration that-
" The right to the enjoyment of water * * * shall be deemed 1·eal estate." It is 
also df'clared that no conveyance of such right can be made unless hy operation of 
law or conveyance in writing, etc., and that every agreement for sale, transference, 
etc., shall he void unless note be made exprebsing the consideration. 
The next article provides for the "adjudication of rights and prior-
ities of right to divert, :carry, or store water." It provi<les also for the 
method in which dams may be entered and decrees obtained for avpro-
priatiou of water. 
Article 12 defines ''Subterranean waters and artesian wells.'' De. 
fined water channels and courses with tlow in them found below the 
surface are subject to appropriation as are superficial bodies. Record is 
to be made with the county clerk, etc., of the sinking- and character 
of all artesian wells, of the stratum passed, each volume of water 
found, and in fact of all details of importance arising during such 
operations. This is to be done within 90 days after the well is bored or 
sunk in order to complete the appropriation tllerefor. Every person 
sinking or boring an artesian well shall cause to be phteed a proper 
casing of streng-th sufficient to prevent the caving in ~f ~trata of cla,y, 
sand, or otller matter carrying water; not appropriated or claimed b.Y 
such well proprietor, the well shall be so cased as to prevent the escape 
of its waters into such strata. Proper appliances shall be at or near 
to the surface as will readily and effectively arrest and prevent the 
flow of water from such well. Every person complyiug with these pro-
visions and using the waters for beneficial uses, shall be deemed to have 
appropriated them to the extent to which the same shall be so applied 
within a reasonable time after the commencement of the works; such 
appropriation Rhall have efl'ect as of the da,y of commencement of such 
work, provided the same is prosecuted with reasonable diligence-other-
wise from the time of the application of the waters thereof to bene-
ficial uses. No person controlling an artesian well shall suffer or per-
mit the waters thereof to flow to waste except reasonably to prevent 
obstruction. 
Mr. Greene, in this minority report, presents the following· two sec-
tions in place of others in the majority report: 
SECTION 1. Any person owning or controlling any tract or pa.rcel of "land shall he 
entitled to, at any time, apply to beneficial uses upon such lanu the waters of any 
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natural lake or pond having no natnral outlet, flituate npon snc:h land, tlae raiu and 
snow waters falli11g upon such land, and any of the water t.ltt>rctofore lawfully nse<l 
in the irrigation of any part of such huHl, which may have seeped, chained, or cUR-
charged into any ra.vine or surface channel upon such laud, and any of the water per-
colating in or through such land and not part of the water of any natural stream or 
well defined subterranean channel. 
SEc. 2. Whenever the State engiueer shall have presented to him reasonable evi-
dence that any person, snell as mentioned in tlle preceding sect.ion, shall, under a 
claim of using the waters therein mentionc>d, lJe diverting, <'onveying, or storing t.lw 
water of any natural stream or well-cletined snhterranean channel to thL~ carriag<' or 
employment of which any other person is entitlecl, the State enginc>et' sha11, trom the 
best information accessible to him, ascertain nnd determine what wa.ten; any such 
person is entitled to use and what not, and shall in writing direct the snperintend-
ent of irrigation of the proper llivision, and the water commissioner of the proper dis-
trict accordingly, reserving, however, to every person aggrieved the right to apply 
for relief to tlle district court " 'hereunto by tllis act is conuuitted jnrisdiction for R0t.-
tling and adjudicating the rights and priorities of' the Cftl'L'ier'3 and consumers of wah•r 
in such water division. 
Tbe definition of the water carriag·e is the supreme question among· 
several important ones involved in the preparation of and discussion of 
a new code. Under the majority report caual operators shall not be 
required to deliver up to others any of the water they devote to bene-
ficial uses. The majority report says, in considering the provisions that 
it offers, that-
As the law stands at this time the duty aucl authority to fix the maximum rate to 
be charged by the carrier is devolved solely upon the county commissioners in the 
connty in which .the water is used. In many cases it is believed the commissioners 
have been directly interested in the question, sometimes as proprietors of the works, 
sometimes as consumers therefrom. Until this time also their determiuations have 
been absolute, no appeal or other method of review of tlteir errors being provided. 
It bas seemed to the commission that an attempt, whetller by fnn(lameutal or ordi-
nary legislation, to confer upon the proprietor of the works on the one hand the 
absolute power of determining what he shall receive, or npon the constuw•r on the 
other the absolute right to say what he shall pay for the service, is so manifestly un-
just as to come within the denunciation of the fifth article of the amendments of the 
constitution of the United States prohibiting the depri vatiou of life, liberty, or 
property without dne process .of law. ~We have therefore sugg-ested provisious allow-
ing a change of the veuue where any member of the board of county commissi,mHs 
is in any case interested in t.he question of the rate to be fixed by the carri('l', aud 
for allowing an appeal to the supreme court. 
* 
One membet· of the commission is of the opinion that regulations wl• ich to the 
others seem a departure from the lines heretofore laid out, aud which treat the ap-
plication of water to beneficial uses as an appropriat.ion of water, aud the dlVtJrsion, 
conveyance, or storage of Wl:lJter as a carriage of water, and provide that no right of 
appropriation or carriage of water confers npon the carrier or ltppropriator thereof 
any right of sale or lease of such water, or right to make an~7 charge therefor, save 
that for the carriage of snch water, may be wisely enacted, and a separate report will 
be presented embraciug these views. 
The minority report, filed by ex-State Engineer J. 'U. Greene, goes 
direct to the chief controversial points involved in the preparation of 
an irrigation code, not alone in Colorado hut elsewhere, that aridity 
compels the industrial use of water by means of artificial storage, of 
carriage to and distribution of the same to the land to be cultivated . 
.1\Ir. Greene's report is brief and is as follows, addressed to the secre-
tary of state. He says : 
Being convinced-
First. That right and justice and the spirit of the constit.ution imperatively de-
maud that the sale or lease of the waters of the streams, or any traffic therein, or any 
charge therefor whatsoever, save the lawful charge for the carriage thereof, should 
be prohibited by law. 
Second. That in order to an efi'ectnal judicial determination of the rights of the 
several persons entitled to divert, convey, store, or use the water:; of the streams, and 
iu order to a satisfactory au ministration of such waters by. the officers of the State, 
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the law should clearly disUngniAh between a right of apyu·opriation, a dght of car-
riage, and a right to the us~ of water. 
Third. 'l'hat water for "uomestic purposes," as the phrase is used in the constittt-
tion, should not be interpreteu or defined so as to include water for irrigation to any 
extent whatever. 
Fonrth. That water applied to the irrigation of lanu or to the operation of any mine 
or of any mill, smelter, manufactory, or other works, shall be made au appurtenance 
of the la,nd, mine, mill, smelter, manufactory, or works to the irrigation or operation 
of which such water is applied. 
And h~tviug prt·sented tllese views without their having received favor in the eye~ 
of a majorit,y of the comrni!>sion, it devolves upon me to present to yon, for !>Ubrnission 
to the uext general assembly, a report relative to the above matters, and other mat-
ters of minor importance wherein I differ with a mnjority of the commission. This I 
do in the form of a bill, in which such matters of difference are set forth itt full, and 
those matters upon which there is no di~erence of opmiou are ~;et forth by reference. 
The first four sections of Mr. Greene's proposed amendments have the 
merit of clearness and are therefore given in elucidation of this discus-
sion: · 
SECTION 1. The lawful diversion, cor..veyance, retention, or storage of the water of 
natural streams or the water flowing in well-defined subterranean channels, for ap-
plication to beneficial uses within the State, shall be deemed and taken to he a ca1·-
1·iage of water. Any person, association, or corporation effecting such a carriage of 
water shall be deemed a cm·rier of water and the right to divert, convey, retain, or 
store such water, for application to a beueticial use within the State, shall be taken 
and deemed to be a 1·ight of carriage of water. 
SEC. 2. Any person, association, or corporation effecting such a carnage of water by 
means of any ditch, conduit, reservoir, or other works shall, when snell water is con-
veyed or stored in whole or in part for hire, or to be applied to a benrfiCJal use in 
whole or in part by others, be deemed in relation to such water and works to be a pub-
lic cm·rim· of water. 
SEC. 3. The lawful applic~ttion to a benefinial use of any of the water diverted, 
conveyed, retained, or stored under any right of carriage of water shall be deemed 
and be taken to be an ernployment of water. Any persou, association or corporation 
effecting snch au employment of water shall be deemed a consnmer, employer, or nser of 
water as the words'' user," "commmer," and "employer" are used in this act. 
SEC. 4. The deftnitions given in this act of the words "carriage" and "employ-
ment" shall not be so taken or constmed as to limit or affect the judicial definition of a 
constitutional "appropriation of water," which includes both the carriage and em-
ployment of water. 
WYOMING LEGISLATION. 
State Engineer :Meade, of Wyoming, in his report for 1800, dated Oc-
tober 30, discusses the character of the laws governing the <lisposal of the 
public lands, which he declarPs have marle the year a very unfavorable 
one for ditch building or the extension of the irrigated area. The law 
withdrawing all public lands from entry or sale was in effect until mid-
summer, and until repealed there was an absolute cessation in the con-
struction of canals and the immigration of farmers. Even since Hs re-
peal the uncertainty as to the possible future action bas tended to delay 
investment in works of considerable magnitude. The transition from 
Territorial to State organization has somewhat delayed the adjudica-
tion of ditch priorities. In a very important case involving the rights 
of 220 claimants, the United States district court suspended action un-
til the State board of control should be duly organized. Considerable 
distrust has arisen over the complicated modes of adjudication required 
· under the Territorial Jaws. There were in October, 1890, 5,000 unadju-
dicated water-right priorities. The State provisions, though novel, are, 
Mr. Meade says: 
Regarded with favor by investors, and the resources of the State a.re becoming 
more widely known. As an evidence of increased interest I wonlfl state that more 
letters of inquiry about irrigation are now answered from this office in one month 
than were in half a year when first established. 
ARGUMENT FOR STATE TRANR~"'gR OF ARID LANDS. 7f) 
Mr. Meade presents with vigor as a remedy for mnch that now hill· 
der8 irrig·ation, the tranl:\fer to the State hy the general ~}overumeut of 
the public 1and8 within the boundaries of \Yyomiug-, upon the proviso 
that the State authorities secure their reclamation ""by such methods 
as were best suited to the local conditions." ~ 
Engineer M ea<le claims that such transfer would resnlt-
(1) In enabling the State to frame land laws adapted to it~-; circum-
stances. 
(2) It would insure the making of proper surveys and plans for the 
reclamation of the best lands. 
(3) It would give over the State's ]and area an effieient ma11agement. 
The enhanced value of such lands would repay the outlay required. 
(4) It would make it pQssible to connect water rights with land title. 
The engineer says: 
Under the provisions of the State constitntion, approved by Congress, all the watetS 
of our streams are declared to be the property of the State. Nothing will be of greater 
service in securing their economical utilization or in promoting the extension of our 
agricultural area than the donation to the State of the lands along the borders of 
these streams. 
The management of the public water supply of Wyoming is placed 
under control of a State board* ' 4 to be composed of the State engineer 
and superintendents of the water divisions, which slmll, under such 
regulations as m::~.y be preRcribed by law, have the supervision of the 
waters of the State and of their appropriation, distribution, and <liver-
sion, and of the various officers connected therewith." 
It is urged as absolutely necessary that more care be taken "in per-
mitting appropriations and affording greater protection to those to 
whom made." On this point Mr. Meade states that-
If possible, titles to wa.ter should be made as definite and as completely a matter of 
recvrd as deeds to laud. Doing this will make the construction of irrigating works 
one of the safest forms of investment. To secure this it is- indispensable that the 
past practice of permitting the unrestricted diversions of streams shonl<l ceat3e. \Ve 
have been giving a way the State's most valuable property to parties who have no 
land on which to apply it and who have no use for it except as a speculative com-
modity. We haye permitted diversions that are wasteful of water, expensive of 
supervision, and against every consideration of public welfare. We have granted 
appropriations for which there is no water in the streams, and the only pffect. of which 
is the robbery or annoyance of the party justly entitled to t.he water. All these have 
been errors of omission, but they throw a vexatious uncertainty around wnter t,itles 
and are prolific sources of discord in irrigation communities. \VLerc the State fails 
to protect the property on which all propriety is based, every man becomes the enemy 
of his neighbor, and the result is a state of affairs more demoralizing than pestilence 
or famine. 
The troubles so far have not been numerous, because as yet irrigation 
is still in its infancy as far as Wyoming is concerned. 
SUMMARY OF PENDING ACT, 
A water bill is uow pending before the State legislature of Wyoming·. 
As it will probably be adopted without material ehang·es, the following 
synopsis is given for information: 
The Rtnte of Wyoming is divided into four water divisions. 
No. 1 t consist of all lands in State drained bv the North Platte River and its 
tribnt ri "• the South Platte River, Snake River (a' tributary of Gr~en River) and its 
tribut r es. 
Water tli vision No.2 to consist of all lands drained by the tributaries of the Yellow-
stone and Missouri Rivers, north of the watershetl of the North Platte River, and east 
of the summit of the Big Horn Mountains. 
•Article VIII, I:wrigation and Water Rights1 Sec. 2. 
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Water division No.3 to consist of all lands within tllis State drained hy tl1e Big 
Horn River ancl its tribntari<'s. 
Water division No. 4 shall consist of all lauds «.trained by the Green, Beal', aud 
~nake Rivers a)l(l i.he tributaries thereof, except Snake River (~t tributary of Green 
River) and its t.ributaries. 
'fbe State engineer to receive a yearly salary of $2,500. * * No person shall 
he appointed as such State engineer who is not known to have such tl!eoretical knowl-
edge and practical skill anu experience as shall fit him for the position. * " " 
He is to perform such duties as are prescribed in the law defining the duties of tl1e 
l10ard of control, anu, in addition, shall make or cause to be made measurements antl 
calculations of the discharge of streams, from which water shall be taken for bene-
1icial purposes, commencing such work upon t.hose streams as are most nsed for ini-
gation or other beneficial purposes. He shall collect facts ancl make surveys 1.o de-
1ermine the most suitable location for constructing works for utilizing the water of 
the State, and to ascertain the location of t.he lancls best suited foe irrigation; exam-
ine reservoir sites, and in reports embody all the facts ascertained, including, 
wherever practicable, estimates of the cost of proposed irrigation works and oft he 
improvement of reservoir sites; also become conversant with the State waterways, 
and its needs as to irrigation matters, and in his reports to the governor he shall make 
such sug~estions as to the amendment of existing laws, or the enactment of new 
laws, as his information and experience shall suggest, and he shall keep in his office 
full and proper records of his work, observations, and calculations; all of which 
shall be the property of the State. He is authorized to employ certain assistants, 
and make an annual report. 
Division superintendents are provided for each of the water divisions created, to be 
appointed by the governor, with the consent of the senate, and hold office for 4 years 
and to reside in the water district for which appointed. The superintendent of each 
water division shall have immediate direction and control of the acts oftlle water com-
missioners and of the distribution of water in his water division, and slJall perform 
such duties as shall devolve upon him as a member of the board of control. He shall 
have general control over the water commissioners of the several districts within his 
divisions and, under the general supervision of the State engineer, execute the laws 
rela.tive to the distribution of water in accordance with the rights of priority of ap-
propriation, and perform such other functions as may be assigned to him by the 
State engineer. He is to be goyerned by the proposed act in the dil:;tribution of 
water. 
Any person, ditch company, or ditch owner who may deem himself injured or dis-
criminated against by any such order or regulations of such division superintendent 
shall have the right to appeal from the same to the State engweer by filing a copy 
of t.he order or regulation complained of and a statement of the manuer in which 
the same injuriously affects the petitioner's intt:>rest. The State engineer sha 11, after 
due notice, bear whatever testimony may be brought forward by the petitioner, 
either orally or by affidavits, and, through the division superintendent, shall have 
power to suspend, amend, or confirm the order complained of. 
All water commissioners shall make reports to the division superintentlent of their 
divisions as often as may be deemed nect>ssary by said superintendent. Said reports .. 
shall contain the following information· 'fhe amount of water necessary to supply 
all the ditch<'s, canals, and reservoirs of that district; the amount of water actually 
coming into the district to supply such ditches, canals, and reservoirs; whether such 
snpply i~ on the increase or decrease; what ditches, canals, aud rescr\'Oirs are at that 
time without their proper supply; and the probability as to what the supply will ue 
during the period before the next report will be requirP-d; and such other further in-
formation as the division 1:m peri ntendeu t of that division may suggest. Said division 
superintendent shaH carefully file and preserve such reports, and shall from them 
ascertain what ditches, canals and reservoirs are and what are not receiving their 
proper supply of water, and if it shall appear that in any division of that district 
any ditch, canal, or reservoir is receiving water whose priority postdates that of the 
ditch, canal, or reservoir in another district, as ascertaineu from his register, he shall 
at once order such post-dated ditch, canal, or reservoir shut down and the water 
given to the elder ditch, canal, or reservoir, his orders being directed at all times 
to the enforcement of priority of appropriation, accol'(ling to his tabulated state-
ment of priorities, to the whole division, and without regard to the district within 
which they ditches, canals, or reservoirs may be located ; the reports to be kept ou 
file by the State Engineer; the pay to be $10 per diem when actually employed. 
A board of control is constituted, to be composed of the State engineer and the four 
water uivision superintendents, to have an office with the State cmgincer, and hold 
two meetings each year for the transaction of snch business as may come before it. 
The State engineer, as ex-officio president of said board, shall have the right to vote 
on all questions coming before it, and a majority of all the memhers of said board 
shall constitute a quorum to transact business. 
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It ahall at its first meeting make proper arrangements for beginning the deter-
mination of the priorities of right to the use of the public waters of the State, which 
determination shall begin on the streams most used for irrigation, and he continued 
as rapidly as practicable until all the claims for appropriation now on record shall 
have been adjudicated. The method of determining tlw priority and amonnts of ap-
propriations to he as follows: The boaru of control shali cleeide at their first meeting 
the streams tote first, ndjndicated, auil shall fix a time for bt!ginuing the taldng of 
testimony, and the making of snch an examination as will enable tLem to determine 
the rights of the various claimants. 
Said board shall prepare a notice, setting forth the <late when the engineer will he-
sin a mcasuren1ent of the stream, aml the ditches diverting water therefrom, and a 
place, and a day certain wh~'n the superintendent of the water division in which the 
stream to be adjudicated is sitnated shall begin the taking of testimony as to the 
rights of tbe parties claiming water therefrom. Said notice shall be published in two 
issues of a newspaper having general circulation in the connty in which such stream 
is situated, t!Je publication of said notice to be at least 30 days prior to the beginning 
of taking testimony by said division superintendent, or fot the measurement of thl:} 
stream by the State engineer or his assistant, and the superintendent taking such 
testimony shall have the power to adjourn the taking of evitlence from time to time, 
and from place to place; provided, all places appointed nud a<ljourned to by the 
superintendent shall be so sitnated, as related to the st1·eam, as shall best snit, the 
proper convenience of the persons interested in the determination of such priorities 
and appropriations. It shall also ue the duty of said division superintendent to mail 
to each party having a recorded claim to the waters uf said stream, by registered mail, 
a similar notice, setting forth the date when the State engineer, or his assistant, will 
begin the examination of the stream, and ditches di Yerting water therefrom, allfl also 
the date when tbe superintendent will begin the taking of testimony and the date 
when the taking of such testimony by said division superintendent shall close, and 
be shall in addition inclose with said notice a blank form on which said clnima11t 
shall present, in writing, all the partic•1lars, showing the amounts and dates of appro-
priations to the use of water of said stream to which he lays claim; the said statement 
to include the following: 
The name and post-office address of the claimant. 
The nature of the use on which the claim for an appropriation is hased. 
The time of the commencement of such use, and if distributing works are req niretl. 
The date of beginning of the survey. 
The date of beginning of construction. 
'l'he date when completed. 
The date of the beginning and completion of enlargements. 
The dimensions of the ditch as originally constructed, and as enlarg~d. 
The date when water >vas first used for irrigation or other beneficial purposes, antl 
if used for irrigation, the amount of land reclaimed the first year, the amount in snh-
sequent years, with the dates of reclamation, and the amount of laud such ditch is 
capable of irrigating. 
The character of soil and the kind of crops cultivated, and such other facts as will 
Hhow a compliance with the Jaw in acquiring the appropriation, and the rank of pri-
ority claimed. 
Each claimant is to certify his statements under oath. 
Upon the date namei in the preceding notice the division superintendent is to be-
gin taking testimony, and continue until it shall be completed. If tho diYision 
superintendent of any water district is directly or indirectly interested, the takiug 
of evidence, in so far as relates to said stream, shall be under the direction of the 
division superintendent of the next nearest water division, or under the direct per-
sonal supervision of the State engineer, as may be deemed most expedient. 
Upon the completion of the taking of evidence by the division superintendent, it 
shall be his duty to at once give notice in one issne of sorne newspaper of genera.l 
circulation iu the county where such determination is, and by registered mail, to the 
various claimants, that upon a certain day and a place named in the notice, all of said 
evidence shall be open to the inspection of the various claimants, and said snperin-
tendent shall keep said evidence open to inspection at said place not less than 1 day 
and not more than 5 days. 
Should any person, corporation, or association of persons owning any irrigation 
works, or claiming any interest in the stream or streams involved in the a<ljnrlicat ion, 
desire to contest any of the rights of the persons, corporations, or associations who 
have submitted their evidence to the superintendent, such persons, corporations, or 
assoniations shall, in writing, notify such party, corporation, or association to a.ppeat· 
before the watersnperintendent at the place where the said superintendent has been 
taking evidence in said adjudication, fixing the time both as to the day and the bonr, 
which said date shall not be less than 10 nor more than 15 days from tbe date the 
notice ie served on the party, association, or corporation. Th·.e party giving the 
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notice shall, at tlle ~;ame time, notify the water snperintetulent. of the time fi.·e<l fo r 
such c<~,ntest. Before the superintendent shall proceed to take the e\·idence in the 
disputed r~gbts, an affirlavit shall l>e filed showing that service herein reqmrt:1l hal-! 
been made upon the party or parties whose right<> arc to l>e disputed. 
The evidence ofsnch pro1~eedings shall be cotttined to the subjects ennmerate<l in 
this act for the establishment of rights to water. 
A deposit of $10 per day to be required from a party to contest, while evidouce is 
being takeu. This amount to the l>oar1l of control fnnd. 
It shall be the duty of the State engilll'('r, or some qualified assistant, to then pro· 
ceed to make an examination of stream aJHl the works diverting water tlwrefrom, 
inclndiug the measurement of uiscltarge and of the carrying capacity of ditches and 
canals diverting water therefrom; an examination of irrigated lands, a ud a nl-lpprox-
imate measurement of the lands irrigated or susceptible of irrigation from the vari- 1~ 
ous ditches and canals. These are to be made a matter of record. Then a map or 
plat on a scale of not less than 1 inch to the mile, showing with substantial accuracy 
all the facts, is to made, etc. 
At the :first regular meeting of the board of control, after the completion of such 
measurements, it shall be the duty of the board to make ancl enter of record an order 
determining and establishing the several priorities of right. to the use of watns of 
said stream, and the amounts of appropri!!tions of the several persons claiming water 
from such stream, and the character and kind of use for which said appropriation 
shall be found to havo been made. · 
Each appropriation shall be determined, h1 priority and amonut, by the time by 
which it shall have been made, anll the amount of water which shallltave ueen ap-
plied for beneficial purposes; provided that such appropnator Hhall at no time be 
entitled to the use of more water than he can make a l>enelicial application of to the 
lands for the benefit of which the appropriation may have ucen securecl, and tbe 
amount of any appropriation made IJy reason of an enlargement of di~:>tribnting 
works shall be determined in like manner; provided that 110 allotment shall exceed 
one cubic toot per second for each seventy acres of land for which said appropriation 
shall be made. 
Within ten days thereafter after the determination tho State enginePr sl1all issne to 
each person, association, or corporation represented, a certiticate, to be signed hy sai1l 
State engineer and attested nuder seal by tho secretary of boa.nl, setting fori h name 
and post-office address ofthe appropriator, the priority nnmher of snell appmpriation I 
the amount of water appropriated, and the anwuot of prim· appropriations; and if 
~uch appropriation be for irrigation, a dPscription of the legal snbt1ivisions of the 
land to which said water is to l>e applied. 
Said certificate shall be transmitted by tho said State engineer. or hy a member 
of the board of control, by registered mail, to the county clerk of the county in which 
said appropriation shall hayo been made, and it shall be the out.y of sa.irl county 
clerk, within 10 days after tho receipt of s~tid certificate, to record the same in a hook 
specially prepared anu kept for that purpose, and to notify the party or partit•s in 
whose favor the said certificate is issued of such recorll, and to tran!:lmit. the !:lai<l cer-
tificate to said party or parties on payment of the fee for recording, which said fee 
shall not exceed 75 cents for each certificate so recorded. 
Any party or number of parties acting jointly, wbo may feel themselves aggrieved, 
may appeal from the board of cout.rol to the district court of the judicial district 
within which the appropriation or appropriations of the party or parties so aggrieved 
may be situated. 
'rbey shall within 60 days file, in the district court to which the appeal is takeu, 
a notice in writing stating that such party or parties appeal to such district· court 
from the determination and order of tbe board of control, and upon the 1iling of !:luch 
notice the appeal shall be deemed to have been taken ; provirled, however, that they 
are required to enter into an approved undertaking to meet all costs and damages. 
Every person, :tssociation, or corporation hereafter intending to approprt:tte any of 
the public waters shall, before commeocing,tbe construction, enlargement, or extension 
of any distributing works, or performing any work in connection with sai<l appr!>pria-
tion, make an application to the president of the board of control for a permit to make 
such appropriatiOn. The application shall set forth the name and post-office actdress of 
applicant, the source from which said appropriation shall be rnatle, the amount 
thereof as near as may be, the location and character of any proposed works in con-
nection therewith, and the time required for their completion, said time to embrace 
the period required for construction of ditches thereon and the time at which the 
application of water for beneficial pnrposes shall be made, which said time shall be 
limited to that required for the completion of work when prosecuted with due 
diligence, the purpose to which water is supplied, and, if for irrigation, a description 
of the lands to be irrigated thereby, and any additional facts which may be required 
by the board of control. On receipt of this application, which shall be of a formpre-
cribed by the beard of control, and to be furnished without cost to the applicant, it 
PROPOSED WATER LAW IN WYOMING. 79 
shall be the dut~· of the State engineer to make a record, cause the same to be recorded 
in his office, and to make a careful examination in order to ascertain whether it sets 
forth all the facts necm;sary to en·able tlJe board to deter)lline the nature and the 
amount of the proposed appropriation. If found in any way defective it shall here-
turned to the ap~licant for correction. If there is unappropriated water in the source 
of supply named, aml if such appropriation is not otherwise detrimental to the pub-
lic welfare, the State engineer shall approve the same by indorsement thereon, which 
shall be of record in hia office, and retum the same so indorsetl. On receipt thereof 
the applicant shall be authorized to proceed with such work and to take such mf·as-
ures as ma.v be necessary to perfect such appropriation. If there is no unappropriated 
water in the source of supply, or snch appropriation is detrimental to public interests, 
the State engineer shall refuse such appropriation, and the party making such appli-
cation shall not prosecute such work so long as such refusal shall continue in force. 
He may indorse it approverl. for a less amount of water than the amount stated in 
the applieation and for a less period of time than that named for perfecting the 
proposed appropriation. An applicant, feeling himself aggrieved by any indorse-
ment, may in wrHing, in an informal manner, and without pleadings of any charac-
ter, appeal to the board of control, and if he shall deem himself aggrieved by the 
order made by the board of control with reference to his application he may take au 
appeal therefrom to the district court of the county in which he shall be situate(l, 
the point upon the proposed source of snpply at whicli the diversion of the proposed 
appropriation is to be ma•le. Such appeal shall be heard and determined upon such 
competent proofs as shall be adduced by the applicant, and such like proofs as shall 
he adduced by th~ board of control or some person duly anthorized in its behalf. 
Upon the approval and allowance of an application the applicant shall send to fhe 
engineer's office, within 6 months thereafter, a map or plat, upon a scale of not less 
than 2 inches to the mile, showing the location and amount of the distrilmtiug 
works, the source ii·om which the appropriation is taken, and the legal subdivisions 
of the land upon which the water to be appropriated is to be applied, which said map 
or plat shall be filed and preserved in said office. 
Upon it being made to appear to the satisfaction of the board of control that any 
appropriation has been perfected in accordance with law it shall be the duty of the 
hoard of control, by the band of its president, attested under the seal of the secretary, 
to send to the county clerk a certificate to that effect, which shall be recorded in the 
county clerk's office. 
The priority of such appropriation~-; shall date from the filing of the application in 
the engineer's office. 
A cubic foot of water per secon(l of time shall be the legal standanl for the meas-
urement of water in this State both for t.he purpose of determining the tlow of watt•r 
in the natural streams and for the purpose of distributing water therefrom. 
The board of control shall divide the State into water districts, said water districts 
to be so constituted as to secure the best protection to the claimants for water aud 
the most economical snperdsion on the part of the State; said water districts shall not 
be created until a necessity therefor shall arise, but sha 11 be created from time to 
time as the appropriations and priorities th~reof, from the streams of the Sta to, shall 
be adjudicated. 
:For each water district created under this act there shall be appointed one commis-
sioner, to be a resident of the district in which he is to serve, and appointed by the gov-
ernor from persons recommended by the water division superinten<lent, each commis-
sioner to hold office 2 years and until a successor is appointetl and qualified. The gov-
ernor shall by like selection and appointment fill all the vacancies which may occur 
in the office, and may at any time remove any commissioner for failure to perform 
his dutiPs upon complaint to him in that respect being made to him in writing. 
It shall be the duty of said commissioner to divide the water in the natural stream 
or streams of his district 1trnong the several ditches taking water therefrom accord-
ing to the prior 1·ights of each respectively in whole or in part, and to shut and 
fasten, or cause to be shut or fastened, under the direction of the superintendent of 
his water division, the head gates of ditches heading in any of the natural streams 
of the district when, in t1mes of scarcity of water, it is necessary so to do, by reason 
of the priority of rights of other:'! taking water from the same stream or its tributa-
ries. Every person who shall willfully open, close, change, or interfere with any head 
gate or water box without authority shall be deemed guilty of a misdemeanor, and, 
on conviction thereof, shall be fined a sum not exceeding $100, or to be imprisoned in 
the county jail tor a term not to exceed 6 months, or by both such fine and imprison-
ment. '!'he water commissioners, or their assistants, shall have power to arrest any 
person or persons offending and turn them over to the proper county sheriff, and upon 
delivering any snch person so arrested it shall be his duty to immediately, in writing 
and npon oath, make complaint hefore the proper jnsticc of the peace against the per-
son f!O arrested. 
Water comnih;siouers heruiu provided for ,;hall each be entitled to pay at the rate 
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of$::> per day, for each day he shall be actively employed in the duties of his office 
to be paid by the county in which the work is performed. 
Said w::~.ter commissioner shall have power in case of emergency, to employ suitable 
assistants. They shall each be entitled to $4 per da,y for every day employed, not to 
exceed thirty-five days in one year, to be paiJ upon certificates of the division super-
intendent in the same manner as provided for the payment of the water commis-
sioners. 
The commissioners shall not begin work until they have been oalled upon by two or 
more owners or managers of ditches, or persons controlling ditches iu the several 
districts, by application in writing stating that there is a necessity for the use of 
water, and they shall not continue performing services after the necessity therefor 
shall cease. 
The appropria,tor of any of the public waters of the State shall maintain, to the 
satisfaction of the division superintendent of the district in which such ,appropria-
tion is made, a substantial head gate at the point where the water is diverted, which 
shall be of such construction that it can be locked and kept closed by the water 
commissioner; and such appropriator shall construct and maintain, when required 
by the division superintendent, a flume or measuring device, as ncar the head of such 
ditch as is practicable, for the purposes of assi6lt.iug the water commissioner in deter-
mining the amount of water that may be diverted into said ditch from the stream. If 
any owner or appropriator of the public waters that have been adjm1icated upon 
should neglect or refuse to put in such head gate, or measuring device, after thirty 
days' notice the division superintendent may notify the county commissioners of the 
onnty where such head gate, flume or measuring device is situated, and it shall be 
the duty of the county commissioners to put in such head gate, flume or measuring 
device, at the expense of the connt.y, and present a bill of costs to the owuer or own-
ers of the ditch, and if such owner or owners shall refuse or neglect, after three days 
after the presentation of such bill of costs, to pay the same, the said costs shall be 
made ~11 charge upon said ditch and shall be collected as delinquent taxes and be sub-
ject to the same conditions and penalties, and until the full and complete payment of 
such bill of costs it shall be the J.uty of the water commissioner in which such ditch 
is situated to close and k~ep closed the head gate of such ditch, and to take such 
needful steps as will prevent any water from being diverted therein from the source 
of supply. 
The State courts are required to proceed with all pending cases·. 
Any person, corporation, or association, intending to construct any dam for re'!er-
voir purposes, or across the channel of any running stream above 5 f~et in height 
shall, before beginning the construction, submit plans to the State Engineer for 
examination and approval, and no dam above 5 feet in height shall be constructed 
until the same shall have been so approved. 
Upon any appeal bemg taken from the board of control to the State district court 
t.he court shall advance such app('.al to the bead of its trial docket and give it prece-
dence over all pending civil causes. If an appeal be taken from the district court, 
the supreme court sha,ll also advance such appeal to the head of its docket for the 
trial of civil causes and give it in like manner precedence to trial. 
IRRIG.A.'l'I.ON DISTRICTS IN CALIFORNIA. 
Among the more important developments of irrigation organization 
is that now under rapid head way in California. Growing out of the 
conflict between the legal principles of "riparian rights" and "prior 
appropriation," the system known as the" Wright laws," from the name 
of their author, Mr. C. C. \Vright, of Modesto, Stanislaus County, offers 
as tile ba~is of final settlement the creation of a municipal organization 
hy the votes of all citizens within its lines, which shall thereafter be-
come the owner of water and works, aud the conservor, director, and 
distril.mtor of water needed for and used in the cultivation of the soil 
by means of irrigation. '.rhe district under this system has the power 
to issue bonds for the construction of new works and the purchase of 
old ones within its Jines, to contract for the purchase of ·water, as is the 
case with the Alessandro district in San Bernardino County, which will 
buy its water from the Bear Valley Reservoir Company. The power to 
lay taxes for water rights and works as well as to regulate rates, etc., 
is also inclu~d. 
The first ofthese laws w~s vas~ed by the St~te legisl~t~re at th,\J ses .. 
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sion of 18~6-'87, and in July, 1887, the Turlock district was organized. 
Within the central portion of the San Joaquin ·valley, there are four 
irrigation districts embracing 720,000 acres, wi4 h an average bonded 
debt of $5 per acre, or in all $3,600,000. Taking out the proportions 
borne by towns and villages em braced for their water supply, and the 
farm indebtedness will not exceed $4.20 per farm acre, without the 
annual interest; a sum so moderate as not to impede the borrow-
ing ability of in<lividual farmers within the bonded area. This is the 
judgment at least of those who speak for the mortgage and money-
loaning interests of California. The legal questions, as elsewhere 
shown, are all favorable for the districts. It is beyond question that 
this system has put an end to the litigious aspects of irrigation in Cali-
fornia. This alone warrants all the process may cost. 
The district system provides plainly, then, for these things: 
{1) The transfer from individuals or companies of all water rights, 
whether pueblo or communal, servitudes, prior appropriation, or ripa-
rian in character, to the municipal body politic that has been created. 
(2) The public construction or purchase, and consequent ownership, 
of all works necessary for the economic conservation, distribution, and 
use of water in agriculture and horticulture. 
(3) The district or public control of works, their maintenance, and of 
the rates to be levied for the service of water. 
(4) For a growing unity of supply, a more economic use of water, and 
a dimi ·tishing rate of cost therefor. 
There will be some waste and loss in the beginning of such a system. 
That is almost unavoidable. It will cost more to inaugurate now than 
it will a few years later. Ot.her States will profit largely from the ex-
periences of California. Tbe chief resistance has been so far due to 
the large land and water owners, who naturally want to hang on to 
their possibilities of profit as long as may be. Rut these are all being 
overcome. The cost of this system may be realized by the follQwing 
hypothetical case: The laws provide 6 per cent. on the bonds and 20 
years for their repayment, with a call on the issues after 10 years. 
Suppose, then, 100,000 acres are bonded at $10 per acre, or $1,000,000 
in all .. At the end of 10 y<->ars $600,000 will have been paid as interest. 
If the bonds are then called in at the rate of $100,000 per year the en-
tire debt will have been wiped out at a cost of interest of $930,000, 
or with the total of obligation and repayment-a full payment-of 
$1,930,000. Tbis will be a tax or cost per acre of $19.30. The aver-
age annual water rental paid to private companies will not be less 
tban $2 per acre, or $40 on a capitalization of 20 years. In addition, 
every land owner buying since water was brought to their land has 
paid an average royalty or bonus for the privilege of obtaining water 
of at least $10 per acre. Under the district system no such bonus wi1l 
be required. The debt obligation in some senses may be considered as 
taking its place; but all that is compensated for by the fact that the 
water belongs absolutely and in perpetuity to the land, and the price 
paid includes all the works also. The average cost of maintenance and 
service will at once, under the district system, be largely reduced. In 
most cases it will at once be placed at one-half, as there are no divi-
dends to make, and in a few years the average annual cost will hardly 
be more than one-fourth of present rates, or, say 50 cents per acre, 
where now $2 is paid. 
But the advantage is to be most clearly seen in the rapid growth of 
reclamation and increase in land values. For example, in any 100,000 
acres .embraced by an irrigation district in California probably less 
S. Ex. 53-6 
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than one-fifth will be under cultivation by irrigation. The selling price 
of this area, if used for family crops only, will be about $40 per acre. 
If used for decicluous fruit and vegetaules, it will reach an average of 
$100 per ac e. If for special crops, like wine grapes, prunes, etc., the 
value will be at least $100 per acre. If for raising grapes and citrus 
frutts, it will certainly reach $250, and probably more, per acre. Each 
acre of the 80,000 that is reclaimed will add largely to the selling 
value of every acre embraced in the 20,000 first cultivated, and a rapid 
doubling of values will be sure to follow, and that, too, within a com-
paratively short period. 
The following table presents all the facts that this office has been able 
to obtain and reasonably verify : 
County Name of district. No. of Bonds Bonds Bonds acres. voted. sold. per acre. 
Colusa ........................ Orland Southside ....... 2, 500 $100,000 . ............... $4.0 
Central . ................ 156,550 750, 000 $286,000 4.78 
Kraft ................... 13, 500 80, 000 ................... 5. 93 
Colusa ................. . 100,000 600,000 ................ 6.00 
Fresno ........................ Madara ................. 305,000 850,000 . .............. 2. 78 
Fresno and Tulare ..•..•••.... Alta . . . . ................ 129,027 675, 000 410,000 5.19 
Selma .................. 2l7, 000 .............. .. .... .................. . ............... 
Kern . . . . ...................... Poso . ... . . 40,000 500,000 250,000 12,11') 
Kern and Tulare .............. Kern and T.;i~~~. · · · · • · · 66, 2-LO 700, 000 ............... 10.56 
Los Angeles ... ............... Palmdale ............... 50,000 175, 000 3.50 
Orange Belt ............ 4,500 200,000 . ... . ............. 4-L. 4-L 
Big Rock Creek ........ 30,400 400,000 50,000 13.10 
Vineland ................ 4, 500 50,000 50,000 11.11 
g~~nl!r~~~dl~~-: :::::::::::::: Anaheim· - · :!2, 500 600, 000 . ~ . . ......... 18.46 Grapeland ..• :::::::.'.'.'.· 10,787 200,000 . ..... . ........... 18.5-L 
Rialto ....... 7, 200 500, 000 500,000 69.« 
Citrus Belt ............. 12, 160 800,000 800,000 65.78 
Alessandro ..••. . •.••••. 25,340 760, 00(1 760,000 30.00 
East Riverside .......... 3, 000 250,000 . .... . . . ....... 83.33 
San Diego . .................... Perris ................. . 17,680 442,000 252,000 25.00 
Escondido .............. 12,814 <L50, 000 35.12 
Elsinore ................ 11,300 .................. ............... ................ 
Murietta ............... Hi,600 . . ................ .................... ............... 
~ring Valley ......... ·I 22,000 .................. .................. . ... ........... 
Stanislaus ..................... od1·sto . ............... 81,500 800,000 117,000 9.81 
Stanislaus and Merced .•• . •••. Turlock ................ 176,346 600,000 320,000 3.-LO 
Tulare ........................ Tulare .. - ............... 34,149 500,000 100,000 1!&.6-L 
Yuba .......................... Brown's Valley ......... 43,000 110,000 so, 000 2.56 
Total .............. 1, 623,493 11,092,000 3, 975,000 ................ 
The average amount of bonds in the State amount to $8.02 per acre 
within the areas embraced. In the Sacramento Valley it is $4.85 per 
acre. Iu the San Joaquin Valley the average is $5.55. In tLe four 
southern California counties, outside the antelope district, (one of new 
settlement and cheap lands), the average per acre is $32.58. The 
average of the antelope valley district is $7.02 per acre. A careful es-
timate of the irrigation districts, made by Mr. L. M. Holt, of Redlands, 
San Bernardino County, California, gives the following as their as-
sessed valuation made on the basis of values before irrigation works are 
coustructed : 
Three Sacramento Valley districts ..................................... $10,141,500 
Eight San Joaquin Valley districts.................................... 21,003,240 
Fifteen Southern California districts ................................... 14,935,575 
Total . . . . . . . . . . • • . . . . • . . . . . . . . . . . . . . . • . . . . . • . . . . • . • . • . . . • • . • • • . . 46, 080, 315 
In ~cldition to those that are named, reports without detail's have 
been received of the " West-side," located in Tulare County; the 
''Mokelumne," in ;BLltte County, to embrace the fruit colonies of Ther-
malita and Palermo, e.tc., and the San Jacinto, San Diego County, with 
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25,000 acres, are in process of organization. The Selma, in :Fresno 
County, bas been organized, except aR to authorizing the is~ue of bonds, 
the vote on which was in the negative. The area embraced is reported 
at 300,000 acres. ThiR set-back is a case of small land owners refusing 
to bnrtlten themselves with impro\'ements, the largest benefits from 
which must accrue to a few extensive land owners, who have failed to 
enter iuto the sma1l land-holding policy that bas been so ~uccessful in 
that section. There was anotlJer district propo~ed, to embrace 600,000 
acres, and include the city of Fresno and its contiguous colony farm 
lands. These people deemed it an unwise·venture, and the district was 
not organized. It is now proposed to form se-veral smaller districts. 
Some day the major portion of Fresno County will be under one dis-
trict management. The districts in which the heaviest cost will have 
to be borne will be seen at a glance to be those in which the citrus 
culture has so greatly increased the value of land. But the value of 
the crop is only the incentive to outlay, because the cost is found in the 
~pecial character of the water supply, or ratlter of the local~ties in 
which it is found. Take San Bernardino County, for example, and a 
great portion of its waters are obtained from bowlder beds, by tunnels 
into the foothills, by damming up its numerous canons, by a costly well 
system, and by the plan of piping which delivers tlJe life-gidng fluid 
to the roqts of tree aud plant. TlJe relations of soil and sunshine, so 
favorable to luxuriant crops, compelled the ohtainance of water at any 
cost. In other portions of the citrus-growing areas-as, for example, 
in San Diego and on the warm foothiiis of Kern, Tulare, and Fresno 
at least-the problems of irrigation will he solved at very much less 
cost than ba~ been the case in San Bernardino and Los Angeles Coun-
ties. 
In the early work of organization, the Turlock, Alta, lVIodesto, and 
Madera districts bad the advantage of considerable preceding work. 
They all had somewhat extensive systems of canals, owned largely by 
farmer companies, and available for improvement, on scale of unifica-
tion with Source supply and duty which neces1-1arily l>ecomes the pri-
mary conditions of such public enterprises. 'fhe four di~tricts named 
had, when organized, a main ditch of about 125 miles in length. This 
has already been largely increased, and it will, when completed, be nearer 
400 miles in length. Elsinore, San Diego County, is constructing 40 
miles of canals. The Mokelumne work will have a length of about 60 
miles. Those it bought in have cost $250,000. The Colusa County dis-
tricts are laid out on a large scale. The lands thereof are largely devoted 
to wheat raising, a product which the statistician of the department* 
clearly slJows to be a rather unprofitable product, even in California. 
LAND VALUES CREA1'ED BY IRRIGATION. 
One of the most interesting questions is that of land values as pro-
duced by irrigation. The nature of the products raised under this·sys-
tem of farming and the intensive culture which it generally demands 
have muclJ to do, of course, with the large increase in the commercial 
value of land cultivated by this system as compared with contiguous 
areas and acres not ''under ditch." The value of irrigation can well 
he tested by the evidences of profit. An examination of the evidf'nce 
given by the witnesses before the United States Senate Special Com-
mittee on Irrigation and Reclamation of Arid. Lands t will show that in 
*Monthly report for December, 1890. 
t Senate Report No. 928, l!'ifty-first Congress, first session. 
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uo case were the e~:;timates of increased land values, as arising from the 
artificial application of water to the soil, less than $2 to $5 per acre 
over similar and adjacent land not "under ditch." Indeed the esti-
mates generally run from $15 increase up to $250 per acre, and even 
more, for land not actually cultivated, but in a position to be made at 
once available by reason of its convenient access to water. These 
larger prices are, of course, the scale only of the semitropical or other 
exceptional areas~ wherein fruits and special products of high marketa-
ble value are most readily produced. 
But it will be found during the development of irrigation and the 
cultivation of the soil thereby that the area of special products, in its 
relation to the whole arid region, will enlarge almost continuously until 
the two become synonymous in cllaracter. 
ARIZONA AND CALIFORNIA. 
In Arizona land as a general rule has no value for farming unless 
irrigated. In .Maricopa County, where irrigation is largely practiced, 
farm area~ are worth from $10 to $50 per acre; fruit lands from $75 to 
$150 per acre. Pima County lands have about the same average value 
for farm purposes, but owing to its more limited irrigation system, fruit 
lands are only worth from $50 to $100. Pinal County is about tlle same 
average value as Pima, and for the same reaHon. Throughout the re-
maining counties of .Apache, Cochise, Graham, Molmve, Yavapai, and 
Yuma the values range for farms from about $3 to $15 per acre and 
for fruit lands $35 to $75. 
In California the small farm, fruit culture~ an<l their necessary inten-
siveuess of culture have added greatly to the value of all arable land. 
Throughout the State unirrigated land commands from $5 to $50 per 
acre; and there have been many sales in excess of the larger figure. 
In Los Augeles County, at the mouth of tlle Cahuenga Pass, nnim-
prO\'ed lailfl with a water-right has sold at $-!50 per acre; ordinary 
vine land, unirrigated, -is worth $40, and farm land $10 tu $30 per acre. 
Irrigation increases the value8 to $150 and $800 per acre. 
In San Bernardino and Los Angeles Counties the factors of values 
are far above the average and the prices generally equal thereto. In 
San Bernardino 8,300 acres with water right (uncultivated) were re-
centlysold for$556,000,or a small fraction over $67peracre; atRedlands 
5 acres (cultivated) sold for $7,500, or an average of $1,500 per acre. 
In San Diego County farm lands are· worth $20 to $1iJ0 per acre, while 
land for orchard and vineyard sells at $250 to $500 per acre. In Fresno 
grain land sells at from $20 to $50 per acre, and $100 to $800 per acre 
is paid for fruit land. In Butte County, northern California, $650 per 
acre is the highest price yet paid for orchard laud. The average will 
be about $400 per acre. Kern County lands run from $5 to $:JO per 
acre for non irrigated land. For farming purposes water increases this 
value to $25 and $40, and for horticulture to $60 and $100. Merced 
holds about the same average for non-irrigated aud as high as $75 for 
irrigated farms, and $Hi0 for fruit culture. 1\iodoc lands are worth, 
with irrigation, about $4:0 for farming. 
COLORADO .AND KANSAS. 
In the counties of Arapahoe and Weld (Colorado) near Denver, 
Greeley, ami Grenada, uon-irrigated laud ranges from $2 to $30. Irri-
gation adds value tllereto up to about $100, and irrigated land under 
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fruit is worth from $200 to $500 per acre. There is a permanent in. 
tlreasc in Yalue for small farms atHl irr:gation of from $--.30 to $400 per 
acre over all rain-belt localities, so eall(Hl. In western Kansas careful 
iuqniries made b.Y Special Agent J. W. Geegory show that the increase 
in value of farm lands~ by the creation of a water supply, average from 
50 to 250 per cent. Non-irrigated land, within the semi-arid section of 
the State anti in 28 diff~rent counties, is quoted as selling at from $1.25 
to $37 per acre. With water, so as to increase security for farming 
operations, the same quality of land is quoted at from $8 to $275 per 
acre, the average range being from $20 to $50 per acre. 
MONTANA AND TEXAS. 
I.n Montana the ruling rate will be for non-irrigated land, $1.25 to 
$10; for irrigated, from $~q to $i5 pee acre. In the Gallatin Valley 
and some other areas favorably located, the average price will range 
from $100 to $200 per acre. In Idaho the ruling rate will be about the 
same as in Montana, and in the neighborhood of Boise Qjty and some 
other favored points the values will range alJOut as in the Gallatin Val-
ley. In eastern Oregon the small area of irrigated land increases in 
value at the rate of 300 to 500 per cent. In Washington tbe average 
price of lantl, with water, wfll range from $50 to $150 per acre. Non-
irrigated land, according to its accessibility to sub-irrigation or irriga-
tion from the phreatic flow, will range from $3 to $50 per acre. 
In Texas, 52 counties included within the area west of the 97th degree 
show a range of selling prices for laucl as follows: Non-irrigated, from 
$1.50 to $50; with water, $20 to $500 per acre. In Bosqui County, in 
the central part of Texas, non-irrigated land sells from $3 to $20 per 
acre, while the applic;ttion of water increases the value to from $-10 
upward. In De \Vitt County, in the southern part of the State, uear 
Yorktown, $10 to $25 is the ruling price for non-irrigated land, which 
is doubled by the application of water. The aver~ge value of unirri-
gated laud fit for farming throughout the western part of the State, 
without water, is about $8; under irrigation the selling price is about 
$75. The $500 price per acre is purely speculative; the average rauge 
where irrigation is practiced beiug from $2.5 to $75, or ab0nt $.'30 per 
acre. 'l'his will stand alike for the Rio Grande and the Rio Pecos Val-
less. · 
WHAT F:RESNO COUNTY SHOWS. 
in further illustration of this matter of land values and of the ten-
dency which irrigation is rapidly producing, a couple of small tables 
showing the total art'as ancl subdivisions, with the yields thereof, in 
the raisiu-growingdistl'ictsof Fresno County, California, will be of value. 
The first one gives the number of holdings of from 2 to 100 acre8, and 
also states the number lleld in areas above the last group. The second 
table gives the returns per acre from a number of holdings. It will be 
observed the best returns are from the smaller holdings. 
---
Number Aggregate Average of hold- acreage per Remark~. 
ing!l. acreage. holding. 
--- ----
473 4, 087 8. 64 From 2 to 10 acres. 
570 9, 06R 15.90 More than 10 anrl not more than 20 acres. 
207 5, 5:\:! 26.82 More than 20 and not more t ban 30 acres. 
156 5, 755 I 36.90 More than 30 and not more than 40 acres. 
43 2, 072 I 48.18 More than 40 and not more than 50 acres. 
H 2, 571 58.43 More than 50 and not more than 60 acres. 
22 1.429 64-.95 More than 60 and not more than 70 acres. 
55 4, 279 77.8 More than 70 and not more than 80 acres. 
6 510 85 More than 80 and not more than 90 acres. 
10 985 98.5 More than 90 ::uulnot mo1·e than 100 acres. 
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In addition to the 1,586 holdings given above there are 77 embracin~ 
from 107 acres up to 800 acres, making a t<;tal in the~c 1arger holdings 
of 15,407 acres or an average of over 200 acres each. The total area in 
the smaller holdings reaches 49,325 acres, and gives an average holding 
of a little over 31 acres each. The following brief table illustrates the 
yield ot some of these holdings: 
Total In vines. In fruit. Yield of Peram·e Per acre Total value Number Yield per acreage. raisins. in grapes. in fruit. of yield. of acres. acre. 
- ---
.Acres. .AC)·ea . Tons . Tons. 
8 8 ............... .................. 137 . .................. $1,100 8 $137.50 
14 9 3 ................... 2-t4 $133. 33! 2,600 14 185.90 
2\l 12 2i lG 133 228 2,167 14! 155.00 
20 20 ................. 20 ................. 150 3,000 20 150: 00 
20 7 2 18 259 50 1,963 9 218.00 
20 15 3 .................... 247 60 3, 705 18 205.89 
30 ................ 30 .................... . ................ 83. 33l 2,500 30 83.33 
40 1l 20 14 127 93.75 3,197 31 103. 12 
40 30 ................. 45 145 ..................... 5,400 30 184.00 
40 15 11 33 151 100 4,430 21 163.33 
80 70 70 ................. 100 7, 000 70 100. 00 
80 20 1 12 60 150 1, 350 21 65.00 
118 118 ................ 113 118 ................. 13,962 118 118.37 
The difference in yield is of course dne wholly to the various stages of growth in vine and tree. 
RESULTS IN FRUIT GROWING, SOUTHERN CALIFORNIA. 
! 
l 
Statements could easily be presented showing much larger values and 
returns also than the foregoing statements indicate, but they are suf. 
ficiently moderate to be taken as a reliable basis for calculating the 
returus from nearly all fruit land in California except that devoted to 
citrus culture. The average net returns per acre of wine and raisin 
grapes, prunes, and deciduous fruits generally when t.hey are in a ma-
tured state will range from $80 to $200 per acre. The average net 
returns for matured orange and lemon orchards will not be less than 
$350 when an conditions are fair. This is illustrated by the statements 
made in San Bernardino Oounty, Oaliforuia, as to the value of orange 
orchard laud. The testimony of fifteen residents there, for example, sets 
the ordinary value of such land at $300 to $1,500 per acre. These wit-
nesses em brace viticulturists, merchants, real estate operators, a banker, 
and an editor. The majority of them plac~d the selling value of such 
orchards at from $800 to $1,000 per acre. 
Tllese estimates refer of course to the more improved areas of that 
section, but it is safe to estimate citrus lands with water and a growing 
orchard fairly located as selling at about $400 per acre. Land which 
is not yet under water has recently sold at from $60 to $90 per acre, 
because it is adapted to fruit culture and will be served at no distant 
day with an abundant water supply. Tllis rise in value is not confined 
to southern California alone, though its effect is seen there in the most 
marked manner. It extends throughout the State. It prevails also iu 
eastern Washington at Walla Walla and the region round about, at 
Boise City, Idaho, aud in the Bitter Root Valley, Montana, where rail-
road facilities have already, to a limited extent at least, opened for 
tllese valuable fruit-growing- centers an opportunity to reaci a market. 
Colorado horticulturists also, w1th those of New Mexico, are alive to 
the importance and commercial value of their products aud of the iu-
creased value that is given through irrigation and intensive culture to 
their land. Tile difference everywh~re is at least as $10 to $1 in favor 
of the special product, the secure culture, and the small farm which irri-
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gation brings over that of ordinary farming even with the aid of water 
and wittiu the arid region. 
The rapid increase under such incentives of irrigation enterprise is 
easily illustrated. Of course the most favorable examples must be 
taken from sou theru California. On the authority of L. M. Holt, of 
Rerllands, the following table of water systems, under date of Decem-
ber, 1890, is given for that county of California: 
.Am·es under ditch. 
I 
Water systems. 1880. 1890. 
Riverside............ ...... .... .. .... .. . ... . . ..•... .•.. .•. ••.. .••... .••••• .•••.. ••••.. 5, 000 
Gage Canal. ..............•....•.........................•........•.•••.....••.•••.••......... 
South Riverside . ....................•...................................••..••••..••......... 
Pomona . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . • . . • • • • . • . . . . . . 1, 000 
Ontario ....••...................•.•........................•..........•.•........••........... 
Etiwanda ...•.•.....•..........................•.••....•.................•..•••....•......... 
r~ffemc~e~~- ~~ ~ ~:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 2• ~gg 
North Fork Ditch . ........... . ............... ••.••• ...••• .•••... ...•... ... ......• .•. . 1, 000 
South Fork Dttch ................ . ..• .. ..•. •. ... . .. . .. . .• ..•••.. ..• .. . .. . .• • . •• .. . . . . 1, 000 
~~~t~r~!~~~~ici~ ·c~-;~1·.·::::::::::. ·::::::::::::::::::::::::::::::::::::::.:::::::: ::::: .. ~·- ~~~. 
~::~~~cl~l;~lh~ -~~~~:: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ··a.· ooo · 
Chino Pipe Line ......................................•............•..•...•...•.............. . 
City Creek ........•............ .••••...............•.......................•...••............. 
Tli'in Creeks.............................. . ........................................... 500 
Banning . .. . ........................................•..•.•..........•......................... 
Colton TelTace . . . .... · ................ . ..............•.......•..........•....•..•............ 
Bear Valley Reservoir .........•••.......•••..•.....••.••.•••.•...•.....•...••........... . ... 
Glen Ellen . . . . . . . . . . . . . . . . . • . . . . . • . • • • . • • • • . . • . . . . . • • • . . • . . . • . . . . . • • . . . . . • . • • • • . . . . . . . 500 























Total........................................................................... 18, 000 144, 750 
Works now under construction will easily and early double the area. 
The enormous growth of values as fostered by irrigation is further illus-
trate( I by the following· figures, those for 1880 being taken from the 
P\lblished report of the State board of equalization for 1880 and those 
for 1390 being furnished in advance to this office by the courtesy of 
Mr. E. W. 1\Iasliu, secretary of the State board. They are to be con-
sidered as only one-half of the commercial value. 
Valuations of fruit 1•aising co1mties in southe-rn Califomia. 
Real estate. Improvements. 
Counties. 
1880. 1890. 1880. 1890. 
Los .Angeles*............ . . . . .. . ..•••.••..••..... $10, 477,432 
Orang13 ..............................•........•....•.......... 
San Bernardino.................................. 1,669, 007 
San Diego . ...•••. .. . .....•. .•.. .. . .....•. •.•.. .. 1, 307,302 
$45, 454, 995 $3, 033, 059 $14, 453, 300 
5, 495, 015 .••••• -..... 1, 468, 337 
12, 990, 005 586, 577 4, 198, 550 
20, 000, 085 341, 948 4, 450, 286 
Total . . . • • . . . . . . . . . . . . • . . . . . • . • • • . • . • • • . . • . 13, 453, 841 l83, 940, 100 3, 961, 584 24, 560, 473 
"'Los .Angeles in 1880 included Orange County. 
A cloud of witnesses as to the cau~es of this great prosperity may be 
cited, but one will do. Charles Nordnoff,journalist and author, says: 
With water applied to the soil, what wonders, what miracles, have been wrought 
in southern California in a. few years! I saw Riverside in the spring of 1H72, when 
it was so dreary and desolate a. spot that to my eyes, and to those of many others, it 
seemed a hopeless desert waste. We all know what Riverside is now. * * * Water 
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jtHlicionG]y applied produced that magnificent result, and in 10 years made a lovely 
anclrieh garilen spot out of what was originally a barren aufl mo~t unpromising waste. 
1 clrovo the length and breadth of tl1e Fresno c« nntry in 1872, when even the ca.ttle-
llll'll tbongbt, it too arid and desert for their co,vs; now it is one of the justly famous 
garden spots, rich with every product, from grain to raisin aud other valuable fruits. 
The set.tlem.ent * * " was largely by colonies. 
The colony piau, as it was called, was laughed at for·a while in California. I have 
watched the development of several of the most noted experiments with careful in-
terest., and I do not know of one in which the members held together for even 8 or 10 
yen.rs withont every mau becoming comfortably independent.* 
IRRIGATION WORKS-CONSTRUCTING A.ND PROJEC1'ED. 
The statistics of irrigation works are necessarily imperfect. ~s to 
mere uitch-making it wonlcl be impossible to obtain data without the 
active cooperation ot local authority. In Colorado alone it is esti-
mated tbat seYeral thousand miles of farm ditches are n·ever reported 
to tlJe county clerk and State engineer's office. In California, except 
as to the assessors' return, no effort has ever been made to ascertain 
the extent of small, private irrigation works. The larger operations, 
being generalis conducted by corporations, are better known. Con: 
sitleraule activity ~as been displayed for tbe past year and a half. 
:l\Jany extensions are in progress. New canals and otlJer works are 
under way. Some of the larger ones will be indicated. The chief 
work, measured by area, to be reclaimed, is that of the Bear Valley 
Reservoir, iu Sau Bernardino County, California.. Its darns, pipe lines, 
and tunnels are pieces of bold engineering. A brief sketch will be in 
order. 
THE BEAR VALLEY RESERVOffi. 
In 1880 it was believed that the int~rior valleys of southern Califor-
nia woulu forever remain sterile, as there was not sufficient water to 
irrigate properly even a limited arable area. Among the many ~chemes 
of reclamation put under way the Bear Valley Reservoir is the most 
important. This plan was first projected in 1883, and after examining 
111e valley, which bad for outlet a narrow rock-bouncl gorge, it was de-
termined that the building of a dam for reservoir purposes was entirely 
practicable. At the time of examination t.IJere was no water ruttning 
in the cafion or its stream bed. Taking the high-water mark of the 
valley, however, as a guide, it was believed that the reservoir would fill, 
and construetion work was decided upon, notwithstanding the hostile 
general opinion to the contrary. A company was then organized and 
3,300 acres o'f land were purchased for tbe site. Gates were built and 
observations taken during winter of 1883-'84 of the precipitation, which 
was shown to be 93 inches over the watershed or drainage basin from 
which the reservoir was to fill. The fall in valleys below is barely one-
seventh of this fall. 
The fact was thus demonstrated that were a dam built of proper 
height, 360,000 acre-feet of water could be stored, a supply sufficient to 
irrigate 360,000 acres of land, on a basis of 1 inch to 8 acres, or enouglJ 
to irrigate for 10 years every acre then cultivated in San Bernardino. 
Surveys further demonstrated that it was practicable to build a large 
canal from the Santa Ana River along the north side of the main stream, 
and cut through the mountains by means of a short tunnel, emptying 
the Santa Anta into the reservoir and thereby greatly increasing its 
tributary area. Another source of supply is from the Whitewater 
*Peninsular California, 1888, pp. 66-68. N.Y., 1888. 
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River, which comes down from the southern and ·eastern slope of Gray-
hack and San Beruanlino Motmtains, by a canal around the eastern 
base of !\louut OraylJacl\, picking up all the mountain streams on that 
side of the rangf'. 
In 1884 the first dam was completed in the face of great difficulty 
an<l the re8ervoir permitted to fiJI gradually, until in the month of April, 
1886, the water bPgan to run through the waste weir .. Since that time 
the reservoir bns been coustantly full. Its summer use is fully replen-
ished in winter. The holding capacity is remarkable. The loss between 
maximum and minimum by evaporation and seepage is only between 
2 and 3 feet, or less than if the whole area had been paved and 
cemented, proving that there is a large phreatic, that is, underflow or 
springs, supply, besides the natural surface drainage. The capacity of 
the first reservoir was about 36,000 acre-feet of water. 
The next year and a half was spent in the amicable settlement 
of certain rlisputes alJout water rights, some important results of which • 
were that a canal 9 miles long was built due east from the mouth 
of the Santa Aua Oafion along th~ foothills to Highlands and vicilility. 
On the south side another canal was built in cooperation with an-
other company. The dam now being considered is 20 feet at founda-
tion base, 12 feet at top of foundation, 8 feet 6 inches at base of dam, 
3 feet 2 inches at top, and 60 teet high. It is of the arch type. An-
other branch of the system is a small reservoir on the Santa Ana River, 
where a dam of 150 feet high is beiug erected, completely stopping 
tue flow of the Santa Ana and conserving every year, no matter bow 
dry the winter, 12,000 acre-feet of water. 
It is intended to build a new dam about 150 feet below the present 
one, "here the sides of the gorge are more precipitous, to a height of 
120 feet above the old datum plane, or 133 from base to top of the 
actual structure. This dam will also be of the crown arch type; about 
600 feet in the arc, 1:..0 feet high, aud stepped off in regular courses 
from base 73.70 feet thick to the parapet of about 14.55 feet. Tuis 
formation, it is claimed, properly distributes the strains. At the center 
of the arc of the dam there is to be erected an outlet well, fitted with 
three outlet 36-inch pipes, capable of discharging 75,000 miner's inches 
of water. The lake to be formed by this dam will be 12 miles long, 
and is situated in townships 2 east and west, and ranges 1 east and 
west, and is 12 miles long by about a mile and a half wide. The 
amount of water stored will be 105,419,000,000 gallons, or larger than 
the ten greatest reservoirs of the United States. The waste-weir is sit-
uated at the end of the lake farthest from the dam. 
The watershed of the combined Bear Valley and Santa Ana reser-
voirs is 271 square miles, wjth an average annual precipitation of at 
least 56 inches. The whole area is densely covered with pine, cedar, 
live oak, aud a heavy undergrowth, adding greatly to the possibilities 
of water storage by retarding the melting of the snow until late in the 
season, thus serving as natural reservoirs. The Bear Valley system is 
expected to irrigate about 500,000 acres of land and furnish power for 
an immense amount of machinery. It can easily be imagined that this 
body of water, having a fall of 300 inches in 3 miles, if sent over tur-
bine wheels at proper intervals, is capable of furnishing all the power 
the region served will ever demand. At the present time distributing 
works are being pushed with rapidity. A tunnel, 2,300 feet in length, 
is under contract to be completed in February. A large pipe-line 
trench is in progr~SS and a canal, with 30 feet grade to the mile, iR 
90 IRRIGATION. 
al~o under way. About 70,000 acres has been sold of the Alessandro 
tract, and work in planting and laying is being actively pushed. 
WORKS IN SAN DIEGO COUNTY 
Another construction which will have an important relation to the 
Bear Valley enterprise is that of the San Jacinto Flume and Irrigation 
Company, in San Diego County. It is intended to utilize a large 
cienaga or marshy area, and supply several thousand acres with needed 
water. Hs cost will be $75,000, and the work will be finished before 
the early summer of 1891. In connection with the Heine! Val1ey Res-
en·oir and distributory works, the whole area in San Diego, contiguous 
to the proposed Bear Valley service, there will be reclaimed in San 
Diego County about 65,000 acres. 
Another great work in southern California recently completed is the 
San Diego Flume Company, which was organized May 27, 1886, to bring 
water from the high mountains east of San Diego to supply the urgent 
need of the city for pure water in abundant quantities under pressure, 
and also to irrigate the rich valley and table lands around it. 
fhis company constructed a reservoir in the Cuyamaca mountains 
nearly 5,000 feet above the sea, having a dam 35 feet high and 700 feet 
long, with a capacity of 3,73V,119,324 gallons~from whence the water 
as needed is taken down a rocky canon, through which, as shown by 
actual trial, it suffers no appreciable loss, to the San Diego River. Just 
below this point of junction is built a div.erting dam of solid masonry, 
through gates in which the water passes into the flume. 
Tl1e flume is 6 feet wide and 4 feet high, built of clear dressed red-
' wood plank 2 inches thick resting on heavy mud sills, stringers, and 
cross ties, the whole on a foundation of rock or earth in its natural 
position. It is believed to be the most solidly and thoroughly built 
structure of its kind in the United States and it is expected that it will 
continue to be, as it now is, practically free from leakage. 
Its full c:tpacity is 5,000 inches daily, equal to 65,000,000 gallons, a 
supply sufficient to irrigate 100,000 acres. Its length is nearly 36wiles, 
following· the course of the San Diego River to the Cajon Valley at a 
height sufficient to irrigate the best lands in that valley, and thence to 
the edge of the mesa or table land adjoining the city, terminating at a 
point 630 feet above the sea and 8 miles distant from the city limits, to 
which a pipe line or a flume and pipe line will connect it with the main 
of the San Diego and Coronado Water Company, already extended to 
the city. 
'l'HE ONTARIO COLONY PIPE SYSTEM. 
The Ontario colony in San Bernardino County affords so instructive 
an example of utilizing waste land and water to the maximum of benefit 
that it will be well to present the chief facts. Messrs. Chafl'ey Bros., 
its organizers, decided to carry out their irrigation and land develop-
ment scilerne on a theoretically correct system, arguing that after land 
is solcl. ·in small tracts to many persons, they can never be united to 
carry out works that will be for the general good. They therefore 
determined on carrying out a complete irrigation system to the extent 
of the water supply availal>le; also to give all the conveniences and 
appliances necessary for a community in accordance with modern ideas, 
and then make tile purchasers of tile land pay such prices as would 
cover tl1e cost of p1 oducing these ad vantages. The site for their colony 
was selected on the sloping land from the foothills of the Sierra Madre 
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.1\iountaim;, where the San Bernardino and Los Angeles join the San 
Antonio canon or valley, giving a perpetual supply of water from the 
mountain snows in the summer, and rain water from the lower slopes 
and bills in the cold months. The Southern Pacific Railroad bounds 
tbe land of the colony to the south, 7 miles from the foothills, and has 
its station of Ontario in the middle of this boundary, 36 miles from 
Los Angeles, the principal market for the colony's produce. 
The site selected has the elements for success as a colony-productive 
land in a suitable climate, and a good commercial position, with abun-
dance of water. Water rights were secured, the land purchased, and, 
after a careful examination of other enterprises, it was decided to distribute 
the water by means of cement pipes over the whole tract divided into 
10-acre lots, so that each lot should be supplied at the highest. point. 
The main roads were also constructed. In accomplishing this the 
Ohafl-'ees spent about $170,000 for these purposes: 
Datn across channeL .••••..•.•. ------ ••••••••••••.••••. ·-·- .••••.•••••••••• $2,500 
Masonry-lined channel and tunnel .•••••••••••••••••.••••. ----··---· ..•••... 35,000 
Laying 27 miles of cement pipes ..••••.••••..••••• ----·- ••••••..•.....•.•••• 4fi,OOO 
Iron pipes for supply of township ..•••••••••••••••• ------------ ••••••••••••• 10,500 
Improving streets and tree planting .•••••.••••••••••••••••••••••..••••••••• 18,000 
Station, college, and hotel improvements, etc .•••••.••••••••.••.....••••••• 59,000 
Total ....••...•..••••.••• ··-·"· •••••.••••••••••.••••••• -----····-··· 170,000 
A dam diverts the water from the channel, but a large quantity 
passes below the bed, to intercept which a tunnel 3,000 feet long was 
driven to cut across this drainage, and thus lead it into a masonry-lined 
channel, 6,000 feet long. The water is taken from this channel by the 
cement pipes, but it is intended to construct a reservoir in which to 
store the surplus water not required during the nou:irrigating season, 
with which the pipes will then be connected. Several miles have been 
laid of 4·inch lap-welded pipe for distribution purposes. Laminated 
wrought-iron pipe is now used. The water is delivered and measured 
from cement pipes by means of a vertical connection, at which point a 
valve is fixed. This consists of a cast-iron plate, with an aperture the 
size of the pipe in it and a groove for the valve to slide in. The valve 
is simply a plate of cast-iron, with a wrought-iron lifting rod. 
The tunnel construction was decided upon after sinking experimental 
shafts across the valley, and thereby ascertaining the existence of a 
subterranean flow of such force that a chip of wood or other substance 
could be carried across the bottom oft he shaft. 
The quantity of water used for irrigating by the pipe system is 500 
acres per cnbic foot of water per second. The value at Ontario of 1 
cubic foot of water per second is estimated at $40,000. The unit of 
measure is one-fiftieth of a cubic foot, or a miner's inch of water. The 
discharge of a stream for irrigati• g purposes is estimated for the mid-
Rnmmer period-that is, from the 15th of July to the 1st of Augnst, 
when it is at its lowest. 
WORKS IN PROGRESS. 
Among other large California works in construction at this time are 
the vVoodbridge Canal in San Joaquin.; the improvements of the Gage 
Canal~ wells, and other works at Riverside; the Panoche Canal in 
Fresno County; extensive operations in progress on the Kern and Tu-
lare Irrigation District Works, the Turlock District Canals and Works, 
the Brown Valley Works, Yuba County, consisting of canals and float-
ing dams in the river to catch the "slickens" or hydraulic mine debris. 
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Also auotber extevsive canal, in opposition to the District, the Fleming 
Canal in Hutte County, tile Folt-~om vVater-power Works aL· or near 
Ii'olsom on the American Hiver and within Sacremento County; large 
works are under wa.r in Colusa, Butte, Ingo (where English capital 
Las recently been in,·ested in an extensive canal enterpri~e of from 80 
to 40 miles in lengtil), Lassen (wllere about 30 mountain lakes and 
ponds have been utilized for storage), Shasta, Fresno (the Panoche), 
San Joaquin, Tulare (west side), San Luis Obispo (east side), and in 
Kern a1Hl Tulare Counties. All through the foothills and central 
counties, as well as in southern California., tilere are very many pri-
vate and individual enterprises in progress; these will rise into the 
hundreds. As accurate details are unobtainable, no attempt is made to 
present the imperfect data at command, for to do so would probably 
only arouse local or personal jealousies. 
PROSPECTS AND CONS1'RUC1'IONS IN 1'HE NORTHWES'f. 
In (:astern Oregon and Washington consiuerable progress is being 
made. Several large works are under way in the neigilborhood of Baker 
Oit.y, Oregon, and by the use of powerful pumpjng machinery on the 
Snake Hiver a considerable addition has been made to the irrigated 
area in southeastern Oregon. In eastern Washington the chief irriga-
tion interest centers in the proposed conservation of a . water supply for 
tlae Great Bend section of the Columbia Valley. The Northeru Pacitic 
Hail road is still in possession of a great portion of its lauu-grant areas 
witilin that section, and under its direction the well-known llydraulic 
and irrigation engineer William Hall, of San Francisco, has been mak-
ing preliminary surveys, and is now preparing plans for tile supply of 
several million acres of valley and tablelands. 
'l'he Yakima Irrigation and Improvement Company, operating in the 
connty of tbut name, will serve as an illustration of several other enter-
prises in progress in the eastern portion of Washington. It was incor-
porated in October, 1888, is designed to serve about 20,000 acres of land, 
which, when taken up, was chtssed as ''desert," and is now saleable at 
from $30 to $50 per acre, with water. The source of supply is the 
Yakima River. The main canal at Kiowa, the Ileadquarters of opera-
tions, is completed. Bxtensions covering about 20 miles in all are now 
coustrncting. They include ditches, heau gates, and a wing dam, in the 
Yakima RiYer. 
LARGE CANALS UNDER WAY IN IDAHO. 
Several of the larger enterprises of soutilern Idaho, in both its east-
ern and western sections, have been extended and improved. Canals 
of large size at and near Nampa and Boise Oity have been in procPss 
of construction. The work has, so far as the evidence and reports 
show, bee11 done in a permanent and complete fashion. The New "¥ork 
and Idaho Canal is larger for a considerable number of miles than the 
Erie, being 75 feet in width. Other projects are under way, directed 
from Salt Lake City. In Bingham County the works for the taking 
out, conscn·ation, aud utilization of the Snake 'River are still in prog-
ress and made considerable bea.dway during the years 1889 and 1890. 
'rhe accompauying map will give conception of their extent and im-
portance, as well as illustrate the numerous small neighborhood and farm 
ditches which have been constructed and operated by the Mormon 
farmers of that section. It is asserted that they are likely to be yitally 
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and perhaps injuriously affected in the southeast portion of the county 
at least by the con~tructiou and operating results of the Bear Lake 
pr~ject now under way in northern Utah. Be that as it may, that is 
the ouly large construction now in progre~s in Utah. 
In Montana the chief irrigation construction has occurred in the 
northern part of th l' State, in the counties of Choteau and Cascade, and 
i11 the vicinity of Great Falls. Progress bas been made in the Gallatin 
Valley, along the Yellowstone and in the central section~ in continuing 
or completing projects previously started. 
COLORADO AND WYOMING WORKS. 
In \Vyoming very little con~truction was begun or coutinued1n 1890. 
Projects of some considerable importance have been inaugurated in 
connection with Colorado enterprise in Routt County. The drainage 
basins are interlocked and belong to both States. These projects will 
prove of considerable inkrest for that reason and because they will de-
velop for Colorado nud Wyoming a new and extensive area. 
In Colorado considerable activity has prevailed in all directions, but 
the most important bas been that of increasing storage facilities, aA 
well as utilizing a large phreatic supply. The construction of the Den-
ver Water Storag·e Company, is of importance as to the first. Under its 
operations a reservoir site was selected 27 miles south and 13 miles east of 
Deu,·er. The creek enters a narrow rocky canon from a large basin. 
A clam 70 feet high from the bed of the creek covers this to an aver-
age depth of about 35 feet, with a Ruperficial area of about 200 acres. 
Its capacity is about 250,000,000 cubic feet of water. The watershed 
above the reservoir is about 225 Rquare miles, over which the aver-
age rainfall is moderately estimated at 25 inches annually. The 
watershed yaries in altitude from 6,500 to 8,000 feet and the annual 
precipitation varies from 15 to 45 inches. The dam is on top about 635 
feet. Its extreme height above the creek bed, 70 feet. The face wall 
receues 1 foot iu 10; it is 13 feet thick at base, resting on concrete 
foundations, and 4 feet thick at top, with raudom rubble masonry of 
hewn stone laid in strong Portland cement. The outer wall is blocked 
with the same, steppe(l in 2-feet props, laid of stones not less than 4 
feet in length, 2 feet thick, an<l from 18 inches to 4 feet wide. The 
slope of tlle outer wall is 1 to 1, or au angle of 45 degrees. Against 
tllis face wall there is an earth apron to within 25 feet of the crest oft he 
dam, with a slope of 3 to l. The water sllaft (with discharge values) is of 
solid masonry. There-·are 8 discharge pipes from the reservoir into this 
cbamlwr, each 12 inches in diameter, laid in pairs at four levels, from 
10 to 30 feet above the base of the dam. The outflow from the cham-
b6r is from a 36-incb conduit, with a gradient of 3 feet in 60. 
The precautions against damage from overflow, besiues 8 discharge 
pipes, are a by-pass, 30 feet base, 3 feet deep below the crest of the 
dam with side slopes 12- to 1. Mid way over the creek there is a drop 
in the dam crest of 4 feet for a width of 100 feet. 
The weight of the rock used in the construction of this dam (150 
pounds to the cubic foot) is estimated at 80,000 tons. For a water way 
the rocky bed of the creek is utilized for about a mile and a half, the 
dh·ertiug dam of solid masonry, on concrete footings, being placed 
just below the ontlet of the canon. 'l'he head gates are steel trussed, 
each 4 feet witle, raised by milled screws in bra~s nuts, sliding in angle 
iron grooves, C<lf· ·fnlly fitted. 'fuese are bnilt into the masonry. The 
main canals and flumes are substantial, covering about 50 miles in length. 
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With the laterals constructing the service will cover 70 square miles, 
or 4-!,SOQ acres. The system may be extended to cover 160 square 
miles. One advantage in it is the service that can be given to Denver 
itself. Two other storage resen·oirs are in process of construction. 
1'hey are in natural depressions, probably old lake beds, below the 
canal line, oue having a capacity of 30,3±4:,400 cubic feet, with a super-
ficial area of 59 acres and an extreme depth of 16 feet, and the second 
a capacity of 15,000,000 cubic feet. These reservoirs will receive their 
snpply from the discharge and overfl.::>w of the main one. They will 
also intercept water along the line of the canal and Rtore the same. 
This local supply from tributary creeks, etc., is estimated by engineers 
as eqnal to the 01 iginal drainage basin. The three reservoirs are es· 
timated to have a united capacity of 300,000,000 cubic feet. It is be-
lieved they will fill at least three times per year. · 
Bear Creek Valley, near Denver, has also been the scene of consider· 
able storage enterprise. Some thirty local reservoirs have been made 
during the past year, the contents of which will serve from 2 to 250 
acres each. The largest work of this class is in the Upper Cherry 
Creek Valley. 
1'he enterprise of the Pueblo Gravity Water Company is of consider-
able significance, especially in its bearings upon the clrainage supply 
to be derived from the natural gravel-bed reservoirs, which are believed 
to be periodically filled from the precipitation on and drainage of the 
frontal range of the Rocky Mountains. The engineer of this impor-
tant enterprise is Mr. James D. Schuyler, of California. The Pueblo 
supply is designed for town purposes, but the comlitions and designs 
make it, or simHar ones, readily available for jrrigation also. The 
source of the water supply is the underflow of the Fontaine qui Bouille, 
which it is proposed to draw out by means of drain pipes of large size, 
to be laid across the subterranean channel on the bed rock or clay sub-
floor of the valley. 
Overlying this floor are beds of coarse, saturated gravel, which ex-
tend up the stream some 30 miles to and above Colorado Springs, as 
well as for some distance up all the tributaries. The site selected for 
development work is 19 miles above the stream mouth at Pueblo, where 
sufficient land has been secured to giv~ control of the major part of the 
valley gravel beds from side to side. The elevation of the surface here 
is about 5,200 feet abo,Te sea level or 525 feet above the level of ordi-
nary low water in the Arkansas. The main conduit will be 75,380 feet 
long and have a fall of 216 feet, or an average of 15.1 feet per mile. 
The reservoir depth is 20 feet, with a height on the bottom, above the 
ci t.y's main streets, of 258 feet. The area of saturated gravel immediately 
over the 2,400 fi:wt of drain pipe will be 32,000 square feet. Experi-
ments made at Wigwam, which were confirmed by the flow observations 
at development works on Monument Creek, led to the conclusion that 
on that slope water found its way through the gravel at the rate of 
about 7 feet per hour. On this baRis the area of the voids in the sat-
urated gravel cross-section at Wigwam would carry about 24,000,000 
gallons daily. 
· The plan proposed for development of the new water supply is as 
follows: 
Starting at a point down the stream, where the required grade from 
the bottom of the collecting well approacheR the surface, it is proposed 
to make an open cut about 5,GOO feet in length, wide enough to carry 
two lines of 30-inch wooden pipe, both of[ which are being laid at once 
to the collecting wells, although only one of them will be used immedi-
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ately. These pipes will be coverell as laid. and will serve to drain oft 
the water from the cross cut above. The drainage pipes will be of 
cement, 30 and 36 inches in diameter, laid with open joints to admit of 
the free passage of water. Two lines of drain pipe, each 400 feet long, 
will be projected up the valley, one on the west side, the other near 
the lo\vest depression of the clay. There are in all eighty-one collect-
ing wells in use. 
The s,ystem calls for the use of 5,630 feet of 30-inch, and the re-
mainder, 70,140 feet, of 24-inch pipe, to be made of California redwood 
staves, built continuously iu the trench and banded with round steel 
hands. The importance of this material and its use is shown by Mr. 
Schuyler in the following statements: 
First. After thoroughly investigating the history of wooden pipe as laid for 7 
years past in Colorado, and after examining a number of lines in use, I have come to 
the conclusion that if the bands are properly coated and the pipe kept full of water 
it is practically indestructible, and certainly has a longer life than sheet-iron or steel 
riveted pipo. 
Second. The interest on the difference in cost between wood and cast-iron -pipe of 
the same capacity will replace the wood pipe every 10 years, which I think is but a 
fraction of the 1ife of woocl pipe, a.nd therefore it would be a prodigal waste of money 
to put the amount of capital necessary to lay cast-iron mains into the enterprise. 
Third. 'l'he wood pipe is cleaner, does not become foul, does not rust, does not fill 
with tubercles that diminlsh the capacity year by year, has no yarn to rot and con-
taminate the water, will not break by settlement, will not burst so readily under 
~ater hammer, and so long as it lasts is in every respect cleaner and more de&irable. 
It has been made to stand 180 feet head, without leaking, or double the maximum 
pressure on your pipe. California redwood is so much better adapted to that purpose 
than any other wood available that I recommend that material. 
Among the principal canal enterprises of the past year, in construc-
tion or projected, are the following: 
County. Nameofcom-pany. Source. 
Mile- Acres to 
age. beserved. Remarks. 
Kiowa and Otero .. 'Pueblo . ...... Bob Creek.... 60 M, 000 State lands and convict labor. 
Mesa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Grand River.. 100 200, 000 Masonry dam 15 feet high. 
Rio Grande, Sa- Mosa .... . .... Rio Grande 85 li5, 000 
guacbe, aml Cos- River. 
tillo. 
Routt .............................. Elk River.... 20 40,000 NeaL' Hayden. 
Larimer and Weld . Mesa . . . . . . . . . . . . . . . .. . • .. . . . . . . . . . . . . . . . .. . . . To fill an old ditch and widen a 
canal, bringing sufficient water 
to insure potato crop. 
Grand, etc . . . . . . . . . Berthoud Pass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . To collect Pacific slope waters 
and bring them east ot range 
to Golden City by flume to 
Berthond Pass, tunnel under 
it, and beds of Clear and Mid· 
dle Creeks. 
In the Arkansas River Valley there are 500 miles of ditches projected 
and in process, generally neighborhood and local farm affairs. There 
will he reservoirs covering 5,000 acres constructed during 1891, which 
service will exceed 50,000 acres. During the past 5 years there has 
been great activity in this section. Besides fi.OO miles of corporate 
ditches 350 have been made as individual enterprise. 
ON THE GREAT PLAINS. 
In western Kansas and Nebraska considerable activity has been dis-
played. The interest aroused by the investigation ordered by Congress 
bas had the effect of renewing courage among the disheartened settlers. 
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By the following table, compiled from replies t) circulars sent from this 
office, some conception can be had of the work in hand . 
Couuty Location. ~ource. 
lJhe~enne .. St.l!'raucis .... Repuhli-
canRiv-
er. 















































1 .. - ........ . 
Remarks. 
3 headgates; many 
drive wells. 
1 dam, 1 reservoir, 1 
headgate, 3 weirs. 
Reservoir construct-
in:r; whencompletrd 
will serve 2, 000 acres. 
Bored wells give 
abundant supply. 
Decatur ... Oberlin ....... Repub li- . ........... l ....................... . 9 dams used to make 
snbirrigation possi· 
ble ; 1 artesian well. 




Finney..... Garden City . . Arkansas 150, OOu 
River. 
Do ......... . do ........... . do ...... 200,000 
Ford ....... DodgeCityo ..... do ...... 500,000 
5 
Graham 0 0 0 Penokee ..... -~ Solomon 
River. 
75 *23 
Gra.v . . . . . . Cimarron . . . . . CimaiTo n 
· Ri,·er. 
Kearney. ~ ~::~a~:l·::::: 1· ~~~~~~s 





Rawlins ... Atwood ...... Republi· ' 
canR1v- 1 
er. 






240 .... 1, 000,000 
I .............. 1,600 
t90 30, 000 
1250 50,000 
~ ............... . 
I 
4 dams and headgates. 
.A. few driven welts 
used for irrigating 
small orchards. 
Thit> is the headquar-
ters of sub-canalling 
work, or irrigation by 
river underflow; 1 
artesian well in coun-
ty. 
3,000 dug and driven 
wells. 
1 dam, 1 head gate. 
3 dams, 3 headgates, 3 
wing-dams. Under-
ftoworsub-canalnow 
constructing ; many 
bored wEills. 
Many well11; water 
lifted by windmills; 
ser>e gardens of 1 
or 2 acr('S each. 
4 . • . . .. • • • • • • • • • • 3 small reservoirs and 
60 dams. 
Scott ...... Scott City .... Ap~~~;~s ~ .. ! ................•.... ··:········· 25,000 under Amazon 
ditch from Kearney 
county; 45 miles 
main and laterals. 
1~ 0 ••• 
10 
35 3 
5 .A.rkalou . . . . . . Ciwarrou 
Seward .. ~ Hoxie ........... ~i-~~~· .. . 
Total ......................... ..... i86o~ow 66f83% 
500 2 small reservoirs or 
tanks, 2 dams; many 
bored and driven 
wells. 
*In addition there are 10 milEll of laterals. * 120 miles of laterals. * 140 miles of laterals 
• 8 miles of laterals. * 3 miles of laterals. 
tThe ditch mileage here refelTed to is part of the Amazon Company's works, which begin in Kearney 
County. 
t This total is to be taken with many grains of salt, or at least is to be considered in connection with 
the area of possible not actual il'rigation. 
To show what may be done in this section of the Great Plains, the 
experience of a farmer living in Decatur County, northwestern Kansas, 
may be cited. He made a farm reservoir by damming up Prairie Dog 
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Creek, a branch of some importance of the Republican River. From 
the resen~Jir tlms created he constructed 1,500 feet of ditch6s, con-
veyed the water to and irrigatP<l 60 acres, from which, besides a large 
crop of coru, averaging 40 busllels to the acre, be obtained 2,500 bush-
els of fine potatoes, giving auout 1 t8 bushels to the acre. From 2z 
acres of onions l1e obtained 500 bu~hels. This result illustrates the 
reclaiming possibilitiel'! on the Great Plains. 
If the homesteaders and other farmer~ will determine to obtain water 
by conserving in draws, ravines, and other appropriate places, or from 
bored and driven wells, which can everywhere be made a moderate suc-
cess, and with its aid cultivate a sufficient area of land to f~ed tlleir 
family well, to care for their stoek, etc., and obtain as this Decatur 
farmer bas done, a reasonable surplus, without seeldng, as in a majority 
of caseH, to extend by JH'<•emptiou and timber claims, or by purchase, 
the area of their land holding, they would soon begin to feel not simply 
iudependt'nt, but. prosperous. With the rainfall and the farm reservoir 
or wells, H··~ plains farm of 160 acres could always have from 30 to 50 
acres under '\ose and tborongh cultivation, and be able to seed the bal-
ance down it ~'ood grass, supportiug from it fine cattle and other stock. 
Such practice would tend rapidly to change the local precipitation from 
fm·ious showers of little ,·alue into rain more equalized in fall, and, as 
a consequence, more valuable in its effect. The area of cultivation 
would tlw:s be easily and widely extended, as well as made secure. 
The progress of water conservancy is again illustrated b.v the devel-
opment of the artesian (Tertiary grit) ba~in in southwest Kansas. In 
l\leade County, for Q~ample, sixty-five wells were reported at one point 
(Meade Center) hy division agent J. W. Gregory, in the first or sum-
mer investigation of 1890. Chief Engineer Nettleton notes on profiles 
accompanying his Progress Heport for November and December, 1890, 
(to be hereafter pnblished) that there are now ninety-five wells at tbat 
point. Similar development has occnrred througbout the whole region. 
The engineers have lines across the North Platte and Arkansas River 
basins, taking wells on either side of sufficient altitude by which to 
construct or define the water plane, and by this process are endeavor-
ing to ascertain the depth of the phreatic supply and to learn definitely 
as to whether or no, there is snffieieut proof on which to predicate be-
lief in the existence of an under sheet or connected supply of earth or 
drainage waters that can be restored to the surface. 
Of the existence of a large supply of underground waters there is no 
louger any doubt, bnt as yet thf\re is some question as to whether the 
same may be found over tbe whole area with anything like connectivity, 
or whether it is somewbat irregular. So much is certain from the evi-
dence afforded by the engineers' lines that the supply is related to a 
very large area; that it is of great value and extent; that it is probably 
periodic in character, having its seat of :supply in the mountain drain-
age, reinforced by local precipitation, disappearing by surface percola-
tion and the im bibation of the strata beneath. If breaks in contirmity 
occur they will be the resu It of geologic condition, and not of those 
directly relatiog to hydrology. As already stated the subcanal system 
is already under way. At Dodge City and Garden City, on the Arkans:ts 
River, in Ford and Finney Com1ties. Works are in progress also in 
the Nortb Platte ValJey, Nebraska. In the Arkansas Valley the exist-
eliCP of an underground supply greater in volume than tbat of the 
rh·er channel itself, has been clearly demonstrated. Water bearing or 




THE NEW SUB-CANAL SYSTEM. 
A favorite test as to the possibilit_y of the flow or pressnr<' of water 
horizontally is to put chips into a well and ohser\e tlnlt they moYe from 
the west to the east side 11ow. The Depaitlllcllt is now preparing to in-
augurate a se1 ies of contiuuous observations in connection with a large 
nurn her of wells connected with the railroad serYice across a con-
sid('rable portion of the great plai11s. Fixed gauge rods will be placed. 
in these wells anrl observatious taken and recorded at certain periods 
of the day as to the quantity of water in each of the wells. Allowing 
for the pumping for the tanks for locomotive sen'ice: these observations 
taken over a series of months will nudou utedly tend to so lye the ques-
tion of periodic or other rise and fall of water within the well. The 
temperature will also be recorded by a self-registering thermometer, 
and floats are to be arranged by which a self.regi:stering record can be 
had of any horizontal movemeut or pre~sure within tile water plane. 
The construction of subcanal e11terpri~::ws iu the valley of the Arkansas 
for the purpose of utilizing the supplies found within the saturated 
saud stratum have been thus described. 
A ditch has been opened alongside the Arkansas River, about .100 
miles east, of the Colorado line. It is 14 feet wide and drifted up tile val-
ley west ward. The river's fall is 7 feet to the milP; but the ditch, com-
menced 3 feet below the surface, wa-s extetH1ed westerly at a grade of 
3 feet to the mile, and that grade was extended 3 miles, or until the 
excavation was found to be 12 feet deep and 6 feet below the bed of tile 
river. The sand of tile ri-ver bottom is distant at this point more than 
half a mile, owing to a bend iu the stream, but tile fact did not 
affect the undertlow ditch or subcanal in the least. So great was the 
amount of water percolating through the sides of the ditch in the hot 
August weather tllat at the point of beginning, where a dam was con-
structed, the amount .Qf water flowing over it was found to be 30 enbic 
feet per second. It has demonstrated a most retnarkahle theory, the 
author of which, Mr. J. W. Gregory, of Garden City, has since April, 
1890, been one of the staff' of the artesian and underflow waters invcsti-
tion. 
A ditch was opened easterly from the dam along higher land and 
allowing a fall of only 1.7 feet fall per mile. By extenuing it for some 
distance a point is reached a few miles away where a perpendicular fall 
of 20 feet is secured, and the traveler over the apparently level plain 
sees a pretty waterfall fal1ing, fed from what is doubtless an inexhaust-
ible subterranean Rnpply. -
This ditch, with its assurance of a perm~nent supply the year round, 
as no diminution could be detected after 6 months of trial, irrigates 
25,000 acres of lauds ~n:d cost $60,000. It is believed that it could he 
duplicated for about $10,000 l('ss, owing to new methods and experience 
gained. The velqcity of the flow is about 3 miles an Lour. Certain 
minor matters, such as the intlowing of sand was at first neces~ar,Y to 
oYerconH', but that was accomplished by the placing in the ditch a long 
Dlank box, four feet square, with holes bored in the sides and covered 
with fine scr~ening. 'fhis allowed the water to enter but did not per-
mit the saud to pass through. Various shape<l ditches were also tried 
and a form finally settled upon which proved to be the least productive 
of caving banks and incoming sand. 
SALT RlVER VALLEY WORKs·. 
'l'he most important work yet complctPrl in Arizona is tliat of the Salt 
River cana.l system, by means of which that fertile river valley is mainly 
watered. Maj. C. W. Greene, a well-known engineer and business man, 
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largely interested in irrigation enterprises, sends to this office an ac-
count of a recent visit, from which the following relative to the Ari-
zona Canal and other large ditches is condensed: 
A crosscut canal, to connect the Arizona with four smaller and older canals which 
have been consolidated into one system, receiving their supply from the main Arizona 
Canal, carries a large body of water, dropping it in a comparatively short distance 
107 feet. The main fall in the canal and the several drops in the crosscut canal 
together are capable of exerting au immense water-power, which up to the pre~:;ent 
tillle bas not been utilized. By merging into the Arizona Improvement Company, 
formed for the purpose of consolidating the Arizona Canal and four of the older canals 
in the valley, which are located at a lower level, the smaller canals are all supplied 
with water economically, and much interference and consequent litigat.ion are there-
by avoided. 
This system covers about 150,000 acres of choicest valley land, all of it having an 
almost absolutely plane surface, with a gentle inclination toward the river of per-
haps 10 to 15 feet per mil~, so that it can be cheaply and qnickly irrigated from 
laterals and ditches parallel with the sectional lines. While all of tlleae canals have 
been exceptionally profitable to the several companies building them, the method of 
11nanceering has been such that the profits have not been paid in the form of <livi-
dends, but are realized in the enhanced value of the property or by the rapid growth 
of a sinking fund already amonntiug to about one-half the total amount of bonded 
iiHlebtedness ($3913,000), which bonds are not due untill900, and only $50,000 of them 
are subject to call until maturity. 
The Highland Canal is another important Arizona improvement, the 
lands under which are located some 20 miles from Phrenix, in the same 
valley. A bout 10,000 acres are now cultivated and as much more is 
under the ditch. Major Greene says, that-
The water supply is more t.hau ample for all the eanals now built. No reservoiring 
has heen done, but the capacity of the rinr, if all the annual flow could be stored 
and utilized, would be snfficient for three times the amonnt of laud now covered. The 
opportunities for such storage are now at band, and there is no doubt that within a 
few years it will he found necessary to adopt this plan. 
THE PECOS V .ALLEY WORK IN NEW MEXICO .AND 'L'EXAS. 
Mr. F. E. Uoesler, civil engineer, who efficiently served the first 
artesian wells investigation for western Texas, sends this office au ac-
count of tlw extensive works of New Mexico aud Tt-xas lying in tlJe 
Pecos Valley. From l1is interesting paper the following data is taken: 
The Pecos Irrigation and Investment Company are engaged in the 
southeastern counties of New Mexico. Dnring· the past year a con8id-
m-able a111ount of construction work has been done. Mr. Roesler saJS: 
Their northern or upper canal is taken out of the Hondo River, a tributary of the 
Pecos, distant about 4 miles east of Roswell, New Mexico. The entire length of tbe 
C<tnal is to be about 43 miles. At t!Je present time 20 miles are completed, and about 
60,000 acres can now be irrigated from it. 'the dimensions of the canal are: width 
at bottom 25 feet, depth 7 feet, fall 18 inches to the mile; cost about $100,000. 
Tbe work of extending this canal is now going on. WhPn entirely finished its irri-
~atiou capacity is estimated at 120,000 to 125,000 acres. There is as yet no land in 
cultivation under this canal, but about 30,000 acres have been taken up by settlers. 
The head of their southern canal is located at a point. ab01it 7 miles north of the 
to\\ n of Eddy. Hete a da,m has been thrown across the Pecos River. It is built on 
the bed rock of the river and is 1,120 feet long. It is faced with rock antl riprap, 
has a thiclmess of 250 feet at the bottom and 20 feet on top. The heigllt. from rock 
bottom to cro""n is 45 feet and the dam will hold in front of it 40 feet of water. The 
overplns is permitted to escape over two spillways cut into the rock, haYing each a 
depth of 5 feet and a width of 300 feet. When there is an overflow from the spill-
ways, t!Je month or head of the canal, also cnt through solid rock, will be filled to 
~depth of 15 feet. The cost of this dam is given at $65,000. 
Extending south from the dam on the east. side of the Pecos River for a distance of 
4 milcA is t!Je ~:;outhern canal, having a width at Battern of 45 feet and a depth of 7 
feet.. Here the canal bmucbes. The southern branch is now 27 miles long, :l5 feet 
wide at bottom, and 7 feet deep. During the year l8!H this branch will be e.·tendeq 
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into Texas. The e."'ltern branch is 20 feet wide, 14 miles long, and 7 feet deep, and 
the work of extension is still going on. 'l'Le present capacity of the two branches is 
given at 100,000 acres, and when the work mapped out is completed the ca.pacit.r of 
the canals will be 200,000 acres. The cost is given at $200,000. At present there are 
about 1,000 a.crt;i:! under cultivation, but applications for water-rights for 40,000 acres 
are reported. It is probable that this acreage will be in cultivation before the close of 
the year 1891. 
· The Lake View Canal has its bead gate on the east side of Pecos River, 15 miles 
below Eddy, New Mexico. The water is run from the river to a lake 1 mile wide 
and 6 miles long, and from this lake extends a canal 10 miles long, 10 feet wide at 
bottom and 4 feet deep. Cost about $50,000. 
The Pioneer Canal, in Reeves County, Texas, is taken out of the Pecos River about 
12 miles north of Pecos City. The canal is 2;~ feet wide at bottoni and 44 feet wide at 
top, 7 feet deep, and is estimated to carry 1,020 cubic feet of water per second; allow-
ing 153 acres as the duty of a cubic foot, the irrigable acreage, when the canal it> 
completed, will be"l56,000 acres. At the pre!'lent time about 17t miles of main canal 
aud laterals have been completed and 12,780 acres are now snppliell with water. 
All the work done to date is on the west side of the river. The canal will soon 
be flumed over to the east side and rapidly ~xtended soutbeastwanlly 50 miles. 
About 745 acres are now in cultivation under this ditch, and about 12,000 acres have 
been acquired by private parties and will be under cultivation before the close of 
the year. 
THE SERVICE OF W A.TER. 
Estimating the service of water per acre, the measurement is usually 
made at the head of the diverting and carrying surface channels, a 
process of excellent profit for the water-carriers where tilat service is 
separate from the land ownership, and one of waste in any event, owing 
to ·Joss by evaporation and percolation. The .Mormon and .Mexican 
farmers, the former especially, have a more equitable process in exist-
ence. The measurement of the water they use is made at the farm in-
take or head gate to the laterals, by which the supply is delivered from 
the main ditch wherein the water is conveyed from the place of appro-
priation. Pipe line conveyance is of the ~ame order, and the "duty of 
water" per acre can be almost absolutely determined under such proc-
ess. 'fhe economy of the practice is exh1bitet1 at Ontario and some 
other fruit colonies in southern California, which are served by pipe 
lines. At Ontario it is claimed that one miner's inch serves 10 acres; 
others claim. that the service can not exceed 7 acres. 
In the service proposed by the projected pipe service from the Bear 
Valley reservoir, 4 acres is the limit gh?en. Elsewhere in tl1e fruit re-
gion such service is estimated at from 5 to 6 acres. These varying fig-
ures make 7 acres to the miner's inch-tile most reasonable estimate; 
and there is no loss by evaporation. So, as tile records show, tilis is the 
highest service in the world rendered by ·water to agriculture. In 
tropical countries and in Australia, the irrigationists, both ancient and 
modern, have always sought, and now seek, to prevent loss by evapora-
tion as much as possible. The modern works of India are sedulously 
shaded by trees whenever possible. In the same region and in Oe.ylon, 
the great reservoir works of antiquity were generally placed at high 
altitudes and under forest shades. In Central .Asia, the use of UtH.ler-
gronnd conduits was, and still is, a notable feature in irrigation. In 
Australia the large tanks used for watering stock are commonly dug so 
that part of their surface, at least, is under cover. Pilreatic waters 
then will have tile advantage of economy . . It is a question, of course, 
whether they may or not lose somewhat in fertilizing qualities from 
want of aeration and the presence of microscropic life and vegetable 
germs. These are issues belonging to the region of unsolved problems 
in irrigation, and are not to be answered here and in this progress re-
port. 
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1'HE l\IEASUREMEN'I' OF W A'l'ER-1\IODE::o.; AND MEANS • 
.As the area of cultivation thereby increases tbe necessity of the 
closest ecouomy will daily become more important. Under the primary 
ditch system, made by the indiYi1lual farmer or by a ''combine" of 
neighbors and managed by local regulation, great wastefulness natur-
ally occurs. Not only iR wastefullness a Fesnlt, but malaria is created 
by the formation of wet places making marl'llly gr.mnd and finally ne-
cessitatiug more or less costly drainage. The economy of water has 
hcen euormom;ly practiced in Oriental countries, aud the same close-
ness in use prevails among our Pueblo Indians, by whom the water is 
often carried from plant to plant and applied in that way directly to 
their roots. The best managed primar~r system in America is that of 
the Mormons. In their operations the water is conveyed at night to 
the fields and meas·ured at the main ditches as the point . of delivery. 
As the land owners are also the water owners there is no division of. 
profit. The common interest is to bring· the water without loss to the 
point wbere it is to be utilized. 'l'he increase of irrigation, with tbe 
fact that only a definite supply is in sight, renders the question of meas-
urement one of the gra,·est character. Tlle unit of measuremeut in the 
United States is known as a "miuer's inch," that is, a stream of water 
flowing through an aperture one i~wh square with a pressure behind it 
of 4 or 6 inches, in Califoruia, the former; in Colorado it bas been the 
latter. The miner's incb is still largely the unit of measurement. In 
Colorado, by law, the official or State unit is now 1 cubic foot per second. 
TlJe adoption of this unit is progre~sing largely throughout the arifl re-
gions. There are various metbo<ls of making- the measurements. What 
is known from Italian practice as a "mo<lnle" is the most common. In 
the later and larger canals in Italy after 600 years of practice, tile sys-
tem of measurement adopted all depends on the use of the weir. In 
tlJe concessions made b:v the Government for the construction of the 
latest large canal, a proposition for the.a<loption of a new and practical 
module was made a prerequisite. 
In the measurement of water two distinct measuring boxes are now 
usPd, eacb different in their object. One miglJt be termed the neigh-
borhood system. It consists of a dividing hox, the purpose of which is 
to give to each consumer a definite proportion of the water flowing in 
the ditch. The Mormons accomplish thi~ by a small head gate at the 
top of the laterals, which is marked off in units, and by the raisin·g of 
which the water-master is enabled to fill the farm lt<tterals to the extent 
to wllicb they are ~ntitled. The ordinary dividing-box then will divert 
tlJe stream or flow by means of a boar<l, measuring with more or less 
accuracy the quantity for each consumer. The measuring box belongs 
to the l:::trger systems, ancl has for its object to give the consumer a defi-
nite quantity of water, such as 1 cubic foot per second. These also 
need to be fitted with lifting gatessothatthe quantity may be reduced in 
times of scarcity proportionately to each consumer. It is these contriv-
ances which the Italians aud the FrenclJ have named "modules," a 
term which has been adopted by English engineers also. Following 
the rule adopted by Prof. L. G. Carpenter, in a recent monograph, the 
first contrivance may be known a, divisor box and the second as the 
module. In Colorado the divisor method of distribution is termed pro 
rating the water. In the matter of exactness it is sr,Jdom correct, ~o 
•illleh depending upon whether or no the mining u1tches are identic, l in 
relation to the main ditch; that is,. w !tether they run with it in a 1-;traight 
ur uniform channel or not. Where the body of land to be irrigated is 
102 IRRIGATION. 
small, compact and co-related in character, recei ·1ing its supply from a 
common source, the divisor system may prove the most useful aud 
available. Under such conditions the irrigation works may be built by 
the neighborhood farmers, and the flitches, main and lateral, can be so 
arranged as to fulfill the engineering requirements of identical relations. 
In its most common form the divisor consists of a partition into two portions, in 
proportions to the respective planes .. This in effect assumes that the velocity is uniform 
across the whole cross section, which is not the case, even in a uniform channel, and 
much less so in oue irregular or in poor repair. • " ' The nearer the velocity is 
uniform across the whole channel the lu;tter is the division evidently. Acconlingly 
means are frequently taken, by weir boards or otherwise, witll this object in view. 
One form often used and seen in various places has a movable partition IJoard.* 
By moving this board out to any accepted distance the consumer can 
approximately ·receive the amount of water that he is entitled to. In 
one ditch in the San Luis Valley, which is broad anp shallow, there is 
uHed a simple trnss across the ditch at the height of the division board. 
A depending cleat from this prevents more than a certain movement. 
In some cases a board is put vertically with the edge raised two inches 
above the bottom of the channel, by this rueaus the channel is kept as 
the point of division of uniform depth. This is an advantage which is 
better retained by a weir board of some height witl::i a sharp crest on 
the up-stream side, the partition extends lengthwise and bas its upper 
eud sharpened. As the water falls over the weir it :flows away in there-
spective ditches, by bringing the water to a state of rest, or very uearly 
so, aud allowing i~ to flow over the weir without lateral contraction, this 
method will give satisfactory results. Divisors of this character have 
bN>n used in Spain for several centuries; the system was broug·ht there 
by the Moors. Irrigation appliances and methods, as found in Oriental 
countries, though based on empirical ideas, will he found to have been 
reduced by practice to a degree of accuracy that modern science can 
hardly para1lel. Une of tlJese divisors used at Elche, in Spain, bas two 
drops in~tead of one and more pains than usualis taken with tlte canal of 
approaeh or delivery. Por 200 feet above the divisor the fall is very 
sligln, so that the water may llave but little velocity; for 10 feet above 
the divisor the canal is pa,·ed; the two drops are about 3 feet apart, 
the upper one of 10 inches and the lower one a little more; the water 
is divided at the upper drop by a movable beak of wood, by which tile 
width of the opening may be changed or closed; the second drop pro-
duces a constant current away from the point of division. 
The modules can not be of the same form in every iustauce; modifica· 
tions must occur according to the fall. Buffon, in his "Des Oauaux 
d'Jrrigation de l'Italie Septentrionale,•' assumes the following conditions 
as necessary for the satisfactory module: 
(1) The quantity of water discl1arged should be readily convertible into absolute 
measure-cubic incl.t or foot. 
(2) When designed for equal discharges they should so operate in a given time 
wherever placerl. 
(3) The ratio indicated should be the actual one when connecteJ. with the dis-
<\lunge from two outlets. 
( 4) Variations iu the level of the supplying canal must not sensibly affect the flow. 
(5) The module should be reliable, either with large or small quantities of water. 
(6) Attempts to alter discharge should be easily recognized. 
(7) It must be simple in construction, so as to be managed by ordinary intelligence. 
(8) It must practically be automatic, so as to require no calculations as to dis-
charge. 
(9 and 10) It must occupy but a small space and require but little fall or expense. 
*Bulletin No. l3, State Agricultural College, Fort Collins, Colo. :'The Measurement 
autl Divh;ion of Water," by h G. Carpeuter, meterologist and professor of irrigation 
engineering. 
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These COJI(litiom; arP not, all of equal weig·ht, the most important being 
those which relate to accuracy; a condition which must increase with 
a growing scarcit,v of water. Careful readjustment of the module is 
JH'CN1sary to insure equality, for unless regulated with eYery Yariation 
in t l1e supply canal the module does not secure a constant flow. Efforts 
ba,·e l.Jeen made by the Italian engineers to accomplish this by varying 
the regulating cbamuers iu length and breadth, but without much result. 
'rhis method is that of the famous Milanese or Sohlate module, and it bas 
been extensi --el~r adopted in Uolorado under the name of the .Max Clarke 
box. Other forms are in use in Europe, but as yet untried in this 
country, to which they do not seem quite applice~bie. 
l\Ir. A. D. Foote, 0. E., of Boise City, Idaho, has constructed what 
is known as the excess weir or "spill box." The main ditch is fit.ttd 
with a side gate forcing a portion of water throug-h a box. This has a 
board on tlle side towards the main ditch with its upper edge at such a 
height as to give the required pressure at the orifice. Tuen if water 
be forced througu tue box, the amount in excess of the pressure will 
spill back into the ditch. If the box is made long enough and the spill 
or weir board be sharp edged (this is placed on the side where the lat-
erals connect) the excess will nearly all spill back into the ditch, leav-
ing a constaut head at the orifice. This arrangement has be~n put in 
use on the larg~ canals of the San Luis Valley. Mr. Graves, the en· 
gineer of these canals, constructs a weir and places the box on one 
side, using two if possible, one at each side, to save fall and expense. 
The spill box, Hs he terms it, is generally 16 feet long, 14 inches wide, 
and set perfectly level. The crest next the canal is sharp edged, as 
are the pieces on that side ofthe box. The gate opening into the ori-
fice is of galvanized iron, worked so that it may be adjnsted to any 
opening and locked. Mr. Foote hQlds that the main ditd1 need not use 
more than 2 inches of fall; Mr. Hraves prefers a foot. 'l'he suecess at-
tained by this device for maintaining the bead constant is nearly per-
fect. It is found in use that there is a slight difference of flow in favor. 
of the larger user, a difterence which may be corrected by proportion-
ing the size of the box to the amount that it is expeeted to discharge. 
Professor Carpenter, with other ellgineers, agrees lwwever that tue 
weir is the most satisfactory. Civil Eugineer J. B. Francis, Lowell, 
Massachusetts, is regarded as the best authority as to tlle tluw of water 
over weirs. The rectangnlar form is regarded by ldm as the best and 
if the following conditions are met the weir may with coufi,lenee be 
used so that the result may be correct within 1 per cent. of the total 
discharge. 
(l) Water must not exceed 24 nor be less than 3 inches in ilcptl1. 
(2) The depth of water on the crest shall not be more than one-third the length of 
the weir. 
(3) The crest of the weir itself must be horizonta,l, the sides vertic•1l; both crests 
and sides must be brought to a sharp edge on the Hpt:tJ·,..am face; the disch~trge is 
increased by the least rounding. The face upstrearu shonlll be verti<'al. It is also 
necessary to secure the complete cont.ractwu of st1 eam, a frPe discharge aud approach 
to the weir without perceptible velocity, e1h1Jes, or cross-currents. 
(4) To secure contraction the llistance fl'Om the side walls to the crest must be eqnal 
to the depth on the weir. 
(5) The crest shonld be at least twice the depth of the water flowing over it above 
th~' bottom of the channel. 
(6) The1·e must be free access of air under the falling sheet. 
(7) The nhaunel of approach must be larger than the weir opening to bring the 
velocity within low limits. 
A module based on the principles and experiments made by Francis, 
but differing in shape, has bceu adopted. on the 1ate~t Italian caual, 
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known as the "Villoresi." In the act of concession, the GoYernnwnt 
imposed as a condition the }H'OposiHg of a module uase<l 011 the tlH·ory 
of tlJe weir with free fall for the meastueuwut and sale of water. 'l'he 
experiments aud practice haTe pr.oved almo~t perfectly sati~factory. The 
improveu1eut consists principally in automatically ovt>rcomiug lJy the 
shape of the openiug the matter of contraction, so that no single caw~e 
would prodnce more than one-half of 1 per cent. difi't'rence between the 
actual discl1arge ami that given by the Francis formula. ~rhe eff'ecth'e 
length of the weir remains the same aml the di~charge from two weirs 
for the same depth will be in the ratio of their length-one twice as long 
discharging twice as much. The weir adopted is of trapt'zoidal shape, 
the sides being ilwlined. at one-fonrth horizontal to one YCitical. 'l'his 
enables the actual le11gth of the weir to be used. It also prevents coli-
traction and sim}Jlifies calculation. 
PREPARA.'l'ION OF LAND AND DISTRIBUTION OF WATER. 
Where large areas have to be irrigated, or the supply of water is lim· 
ited and labor scarce, time as well as the economy of water must be con· 
sidered in preparing the land. 'Jhe least labor required is iu ftoo<ling; 
sluice gates only have to be opened and kept so until the requirell 
quantity of ·w·ater has been supplied from the main ditch to the prepared 
area or "check." Tile quantity of water used in excess of wl.Jat is suf-
ficient for the crop will be in proportion to tl.Je size of the area irrigatell 
attd the vo!ume of water thrown tlwreon. J t would be better this slwuld 
be smaller or the supply increased. The latter would cause it to be 
covered in a shorter time, and lessen the loss of water in excess of what 
is essential. Where the soil is compact tile area of the check would be 
made larger than if it be absorbent, so that all tht>se couuitions have to 
be considered in laying out distributors cl!aunels. I 1J tlJe larger Cali-
fornia works the distributary channels are usually place<l one-fourth of 
a mile apart, and their banks form two of the bounding ridges or le'i'ees 
of the checks, the fourth l>oundary being a contour or level levee con-
necting the channelle\ees. The top of the contour levee must be 3 or-! 
inches above the level of the opposite side, so that it can be covered with 
water to that depth. The levee should have a base of 20 to 1 vertical, 
forming a gentle swell in the land. upon wllich the crop grows. TlJe less 
the height of th1s contour levee the better, because the quantity of water 
spread over the land will be of a more uniform depth, and will interfere 
less with plowing and harvesting operations. Six inches has l>eeu 
found to be the best height, with a base of 10 teet, out 1~ inches has 
been used. 
Small checks are preferable, as the crops produced by a short sub-
mergence are as good as those longer submerged, in whicll the waste 
must be greater. On more level land the check ueed. not, of course, be 
so high to divide off the same area, and wllere level only as high as the 
depth of water applied at each irrigation. TLe low levees are less liable 
to be breached and more easily closed when such may occur. The crop 
growing over it protects it from being eroded and does not require to 
have the excess water agaim~t it passed on to the next by levee gates 
or by making an opening, as the small depth of water would he absorbed 
before the crop would be injured. 
The supply canal must be placed along the highest part of tlJe land 
to be irrigated. Stop-gates are placed at inter,·als along the uistribu-
tories, by means of which the level of tbe water is raised, to cause it to 
be discharged 011 to the checks. These stops also act as drops where 
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the fall of the chaunel is greater tllan the soil will stand. Of cl1eck or 
side gates there Hhoul<l be two to each 20-acre check. 
A.s SOOU as the check is COYered, the side gates are closed and the 
contour-levee gate opened that passes the surplus water collected at 
the low part of the land into the uext check, so that the excess depth 
of water in the first is not lost nor allowed to stand and injure the crop. 
This extra supply expedites the covering of the second check, of which 
the side gates are now opened, and the process repeated. Two or thre~ 
such checks are generally irrigated at the same time l>y one man. '.rhe 
checks that are below the drops in tlle distribntories, and can notre-
ceive a supply from tllem, are irrigated from the check above, one or 
more extra levee gates being inserted; the flooding of these checks, 
therefore, takes a longer time, on account of the loss by absorption in 
passing through the upper check; consequently the checks below the · 
drop shoul<l be of a less area than those receiving their suppl,v direct 
from the distributory. The contour-levee gates should be put in on the 
higlwr points of the lower checks, if possible, so that the water will 
flood this by flow instead of inundation, wbich would require an in· 
creased depth of water over tbe whole check. The contour-levee gates 
ha'e 4 feet water way by 2 feet deep. Tbese side g-ates llave frequently 
been washed out, although their floors are placed 12 inches below the 
surface, and have llad to be protected downstream by extending the 
tloor and packing with brush; sand boxes placed on the downstream 
side would be the best protection ; or they should be widened aml 
lengtbened. 
Four of the distributaries are worked by four men, and they irrigate 
500 acres in 6 days. Where tbe soil is stiffer and less absorbent, they 
could ~rrigate a proportionately larger area. Irrigating the same land 
by branch <lrains and distributing hy hand, experts say, would re-
quire six times the labor and consume twice as much water, and be no 
advantage to the crop. Tbis type of irrigation by checks is employed 
largely on the Po8o and Calloway Canal system in Kern Uounty, Cali-
foruia. 
Furrow irrigation is effected by a channel carrind along a ridge and 
tbe plough furrows on either side of the crops are carried up to and 
across the drain. Wbere the land is too steep they are carried diag-
onally across the sloping land. The crop is generally pia.nted in rows, 
about 6 feet apart; a man directs the water iuto a number of furrows, 
by placing a portable dam, called in California, "a tapon," across the 
channel below the furrows to receive the water; before the end of the 
furrows is reached by tbe water, tbe dam is removed, and the supply 
stopped, leaving- the lower portion of the furrows to receive what re-
mains, which can be easily regulated to suffiee. The tapon consists of 
a sheet of iron, rounded on the lower edge, with a wooden batten riv-
eted to its upper one, to stiffen it and facilitate its being driven into 
the mud and withdraw~! by hand. .. 
Depressions that have evi<lently been the courses of rivers at some 
remote period, but are now coYered with soil in continuation of a more 
level country, are gen('ra,Jly irrigated by means of embankments thrown 
across them. 'rhese embankments are very irregular in course, follow-
ing tbe higher ground~ and terminating, in some cases, in contours 
along the slopes of the depressions. 
This California plan has suggested the possibility of utilizing the 
vall('ys of water-courseR as storages for flood water between the fresh-
ets, the collected water being led off to irrigate prepared land be-
1ote the next fresllet occurt:;, Banks can be extended to gTeat dis-
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tauces in some localities, raising· the water 2 to 3 feet aboYe the level 
of the land ou either .side. The land so flooded would be soaked, and 
tbe surplus water being led off' to irrigate lower-lying land, the storage 
would be ready to receive the next f'reshet. In some caseR, and espe-
cially in very dry localities, surplus water not immediately required 
mig-ht be stored in tanks, to be utilized at a future time by pumping, 
for the irrigation of specially valuable crops. This would necessitate 
broad shallow channels aud large gates or movable wiers, because the 
flood water must be taken off in large volume, as it may last only a few 
hours. The water stored by these embankments over the land must 
not be allowed to stop lollg enough to kill the vegetation it covers, and 
the storages must be ready to receive the next freshet water which may 
come down. Of cour~e, if extensive storages could he economically 
constructed, in which water might be impounded until wanted, they 
would be preferable. There are doubtless depressions, around which 
or across whose lower sides low embankments might be thrown up, that 
would impound a large portion of the freshets. The cost of construct-
ing all such possible storages should be ascertained, and also the area 
of land that could be watered by them to a certain depth, the owners 
of the land deciding whether ~arrying out the work at the estimated 
cost would be justified by the return to be calculated on, which must 
vary with the produce to be cultivated. 
CALIFORNIA ORCHARDS AND HOW IRRIGATED. 
In connection with these descriptions and statements the experience 
of California is necessarily largely drawn upon. In fruit raising, for 
example, its methods and modes of distribution will be sufficiently gen-
eral as to afford illustrations for most localities in which irrigation and 
horticulture will go s-idP, by side. Prof. E. J. Wickson's report on 
''California's Fruits and How to Grow Them" is the best authority in 
vogue as tu the methods pursued in that State.* Mr. Wickson says: 
Permanent rnnways or ditches for watf•r are f:tr less common than in earlier days 
Intensive cultivation is more in vogue. On hill lands, difficult to plow and cultivate 
and prone to wash, ditches are laid down on grades suitable for securing the slow 
movement of water. By this method it is expected that seepage and percolation snp-
plys the moisture to the treeR needing it. Irrigation by fre~h furrows is a popular 
method for orchards. To be effective the soil mn~t be such as to enaule the water to 
distribute itself laterally. In many instances the tendency is to pour rlownward. 
The Riverside furrow system will illustrate the methotl. Tile laterals or distribnting 
ditches are commonly paved with rock or faced with lumber, ruuuing along the 
highest ground in the orcbard. As the ditch passes each row of trees, a board ts in-
serted in the side and enough anger holes are bored to let water sufficient out to flow 
to the end of the row within 10 or 12 hours. The time of irrigation depends upon 
conditions other than those of the method. In Placer County, now being largely de-
voted to fruit raising, the horticulturists irrigate by plowing once in 2 weeks a 
furrow on each side of the tree in young orchards and filling these furrows with 
water. Where the grade is steep dirt is thrown in with a shovel to make the water 
stand in the furrows. When the latter are fnll the water is shut off. With large 
trees furrows are made 4 to 6 feet apart. Cultivation is done crosswise of the same. 
At snbseqnent irrigations they ruu the furrows in a different place, so that the soil 
may be thoroughly saturated. The difference between the two methods is thit:~: At 
Riverside the water runs slowly for a specified time withont overflowing, so that the 
supply reaches the end furthest from the distributing ditcb. In Placer the water is 
taken from tbe furrow as soon as it is once filled by a large flow. Flooding and 
checks are desigued for bringing water to a broad expansive surface and are a·uapted 
best for deep leachy soils, in which from the downward conrse of the water distribu-
tion by furrows wonld be very imperfect. Flooding can be used on!y where water is 
plenty aud where the soil imperatively requires tbis treatment. 
In the orchard the use of checks is to retain the water npou a broatl area of soH 
around the trees. A shallow excavation is made with a hoe and the water isrnn into 
this as long as nece~sary. When the plow is nsetl tbe T('rm "check" is applied to 
• Dewey & Co., San Frm cisco) Cal., L889. 
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the back furrows. \Vhcu the excavation is made circnlar, as is usually the case, the 
inolosed space is termed a "basin." Checks are usually eonuected by a fnnow down 
which is run 'the water to :fill them. Beginuing with the lowest, when :filled, the fur-
row is closed. The check next above is tlteu tilled and so on througlt tlte row. ThiH 
is an economical though laborious method. It saves the wa.ter and all the fertilizing 
qualities it nuty contain. The basin metltod is largely employed in the San Gabriel 
Valley and 'other points in California. The basins are made but once a year and 
summer cultivation is thereby prevented. Sometimes it is well to work them with 
a spading fork so as to prevent evaporation. Others fill them with mulch straw, but 
this, it is cla.imed,ltarbors the gophers. When the trees are large their branches 
shade sufficiently to prevent loss by evaporation. In running lines for small hriP."~•­
tion ditches many questions have to be considered. In large constructions of a. pP.f-
mauent character, the engmeer would uecessarily go as high up the stream to it8 
source as possible. In storage works necessarily the higher elevations would be 
selected. But many other conditions enter into the problems of the individual irri-
gator. One point to be considered is the amount of fall necessar~' , and that is ot 
course regulated by the quantity to be discharged. The width and depth to which 
the water must flow has also to be considered. The nature of the Roil and the char-
acter of the water to be conveyed also enter into the problem. Mischievous erosions 
will arise from a strong current in soft soil. Water carrying much sediment must be 
imluced to move rapidly. Having decided these conditiow~, the u~arest place at 
which water can be taken ont of a creek for any certain piece of lanrl is to be found 
by commencing where the water is to be delivered. That rnnst generally be the 
highest point of the laud to be irrigated. A line will then be run up stream so as 
to afford the inclination intended ior the ditch. A simple level can easily be made 
for this pnrpo~e in the form of a triangle. Every intelligent farmer understands the 
nse thereof. The same level is useful in the locating of "check" contour lines fol' 
the distributing ditch. , 
Southern California has especially made progress in the storing of water from small 
and often hidden sources. Hillside springs are cleared out and stored. Small tuu-
uels are bored into the foothills and the drainage supply carried off by rncle pi pes to 
the point where needed. A spring yielding but 2 quarts per second is fomul to be 
equivalent to a stream of 3 miner's inches, yielding auont 150 gallons per second. 
This wonld be sufficient to irrigate 15 acres of frnit trees and a larger area hy means 
of su hirrigation lllethods. A small tank for storing is ne~essary. The use of a spring 
by driblets is pure waste. The California practice in constructing such a reservoir 
is to e~cavate It entirely in the ground where the slope will admit of the same. The 
hot tom an<l sides are lined with clay well pud<lled. Iu western Texas small reservoi t'S 
with open surfaces are often ruacle, the bottoms arc made tight with coal tar and 
gravel. The loss by evaporation in these is very great. Adobe is sometimes used in 
San Bernardino County. Concrete of lime, sand, and broken stone, however, forms 
the best material. A number of small springs can be gathered by underdrains into 
one such tank or resPtYoir. These can be chiefly made with broken stoue. A grade 
of 6 inches to 100 feet will not wash io ordinary soil. It will also keep the drain free 
from sediment. If a greater fall is required i.he drain should be paved w1th stone 
A better way still woulcl be to use concrete sand pipes or light wooden piping. Tbu 
value of water aud its loss by evaporation and seepage is rapidly iucrN~sing for hor-
ticultural purposes the use of piping in snbirrigation. 
Professor vVickson makes these further suggestions, though not as 
explicit directions: 
Water usually should be prevented from actual contact with the tree trunk. CitruF.~ 
trees are especially sensitive to such contact. Care mnst, therefore, be taken not to 
set trees which are to be irrigated too low. It is better to raise them up a little and 
draw the earth around them. The flitch, when possible, shonld be upon tho shady 
side of the tree, becanse sunshine reflected from the water surface may hnrn the ba.rk. 
In examining soil to ascertain dryness, one must dig deoply. Lower la.y~rs w!Jere 
the feeding rootlets are will often be ariel. In irrigating, thorough, neep soaking is 
uecessary. Examination must be made to see if an artificial hardpan which pre-
vents tbe descent of tbe water has been formed. Hillside !\itches mnst follow ser-
pentine courses, to give the water a. slow flow which is conducive to seepage. Such 
ditches will prevent water in winter from conducting the storm waters to the bottom 
of the hill: 
Irrigation must not be continued late in the season. Deciduous trees need a cer-
tain amount of (lormancy. Citrus trees if overirrigatP-d in the fa.ll will grow tender 
shoots until they are injurP,d by severe frosts. Oue service of water is sometimes 
necessary after gathering the fruit from deciduous trees so as to prevent the soil be-
coming dry, otherwise the t.rees may shed their leaves too soon. Cold water is 
aiways undesirable, especially in fruit culture. Hence the value of water drawn 
from phreatic sources is greater than that supplied from surface channels, the tem-
perature of the ~arne usually being above that of the surface supply. In districts 
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which l!ave been eitl!er loug irrigated or ovenupplied with water, the land as a rule 
will fill up and the water plain necessarily moves nearer the surface. Drainage will 
almost inevitably become a necessary corrolary of etfective irrigation long continued, 
u11less, indeed the same is carried on solely by subirrigation, tiling, or pipes. 
Where ditches are nsed, in any event drainage outlets should alRo be constrnctetl 
On soils impregnated by alkali, the artificjal ar plication of water wi_ll draw the 
same to the surface. Without drainage such areas will soon become worse than 
worthless. 
U1'ILIZ.A.TION, IN IRRIGATION, OF .AR'l.'ESI.A.N WELLS. 
Artesian waters are, as a rule, too costly iil securing to warrant any 
expectation that they may becomA largely operative in the reclamation 
of single areas of any considerable extent. They are not likely to be 
used, for example, in raising grain or other ordinary farm crops, unless 
it shall be under exceptional conditions of flow, volume, numbers, and 
contiguity of wells, etc., but the developments now in progress give 
assurance to the expectation that artesian wells aud their supplies will 
become a widespread and most important factor in ir1 igation by their 
use in the cultivation of small fruits, orchards, vineyards, vegetables, 
and similar products and crops under conditions which will bring large 
returns for outlay and insure success thereby. 
Artesian water is used in Utah, for instance, but to a limitAd extent, 
in the irrigation of grass and alfalfa, but all such modes of service as 
'~flooding" and "checks" afford are necessarily lavish and justifiable 
only under conditions of large supply into which artesian or phreatic . 
sources of water supply ought seldom to enter. · 
The utilization of artesian waters and wells must, as a general rule, 
be <lirected toward special crops and intensive culture on defined and 
limited areas, under couditions invo1ving more outlay than is usually 
required in or<linary irrigation from surface sources. \Vitlwnt ques-
tion, by careful storage of the supply derived from snell large wells as 
are already found in South Dakota, tl1e San Luis Valley, Oolora<lo, and 
the northeast section of Kern County, California, and the s:rstematic 
construction of appropriate means of distribution, artesian water will 
be found in such sections of great importance for or<linary irrigation 
purposes. But it will be well to emphasize again that the chief value 
of water supply derived from artesian sources must be for limited area, 
intensive culture, and special products of high or ready commercial 
value. The following brief description then of the metllod emplosed 
(where such application is made) of impounding the waters of a flowing 
well in order to utilize them in irrigation w i1l be found of interest and 
value. 
A circular reservoir is built around the well, where the elevation in 
connection with the land to be irrigated will justify the same, or near 
to it if mechanical lifting shall be required. 'l'lle size of this reservoir 
will be regulated by the ,-olume of flowing water. Tile embankment 
is made with sloping sides, the interior slope being slightly steeper 
than the exterior ones. Ditches are then run as shown in the diagram, 
gates being constructed at their heads. 
To irrigate 100 acres, for example, from one well would require the 
construction of a circnlar reservoir 300 feet in diameter. According 
to conditions this would be built around the w~ll or near to it. 
'.rhe plan suggested is based on the first requirement. Four main 
ditches wou1d be required, built at right at gles to each other, which 
should be from 4 to 5 feet wide at the top with a gentle slope inward~ 
the depth to be from 2~ to 3 feet. The fall of the ditch must be as 
gentle as the ground will pArmit in order to prev·eut washing and ero· 
siou, yet ~ufficient to carry the water ·well to the lower eud of the dis-
tributory. As well water is without sediment, the fall can be lessened 
SKETCH SHOWING THE APPEARANCE OF A FLOW1NG WELL 
WITH THE SURROUNDING RESERVOIR FOR IMPOuNDING THE WATER 
SKETCH PLAN SHOWING RESERVOIR ROUND A FLOWING WELL 
AND AN ARR ."'NGEMENT OF CHECKS AND DITCHES 
FOR IRRIGATING ABOUT 100 ACRES FROM ONE. WELL 
SCALE 
fl . 200 100 0 200 400 600 800fT. 
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somcwlmt. The mration of the water in the wellteservojr is most desir-
a hie, and after that conve~·auce by pipes would be more economical 
than by open ditches. The length of the four main ones proposed in 
the diagram would be about 1,700 feet each. Small laterals could easily 
be made to connect as desirable with the distributories, some of the 
mea us for regulating their flow, that llave already been described, being 
used. Furrow or pipes could readily be run in any direction necessary. 
Their use would connect the farm system, the laterals and furrows ~erv­
ing as clwcks wl1en that method is required. 
A most remarkable group of flowing wells is found to-day in Kern 
County, Oaliforuia. The tract of country which embraces these wells 
is only about 18 miles long by 14 wide. To the eaat of it towers the 
enormous bulk of Mount Whitney, 15,000 feet above sea level and form-
ing the culminat]ng center of the Sierra Nevada The district ends at 
about the 300-foot elevation above the sea. The flow of 54 wells is 
g·iveu. 
Name. 
1 Smyrna Colony··-- ••.. 
2 .... do·-·---···-·····- .. 
3 Spring ............... . 
4 I Raymond •••••••.••..•• 
51 SmiLh .................. . 
6 Hohinson . ............. . 
7 Brui:le ···-···-·-···--·· 
R Raley . . ............ . 
9 I Colnru uia Colony ...•.. . 
10 Honker ................ . 
11 J~ittle ······--·-······-· · 
12 I Ch:tu\·in ............... . 
~t l ~i~~~l~~~:::::::::::::.: 
15 Moore ............ ·---·-
16 Mrehus ................ . 
17 Miramonte Colony .•.•.. 
18 . . . do . ... • ....... ···--· 
19 Sewall. ............ ·--· 
20 Hutchins·-······- · .•... 
21 Hogan·····--····-···-·· 
~~ ~~~~!~~:::::::::::::::. 
24 Watrous . .•...•••••...•. 
25 Plullips .... ···--·-···-·· 
2'6 .Arnold ............... . 
27 Davis .••.•••.••••••••••. 
28 Martin .•••••.•.•.....•.. 
Depth Dailv flow 






























1, 500, 000 29 
3, 500, 000 30 
~. 000, 000 31 
1, 500, 000 32 
3, 000, 000 33 
2, 500, 000 34 
2, ooo, nco 35 
2, 000, 000 36 
1, 500, 000 37 
3oo, ooo I 38 
350,000 39 
220,000 40 
1, 600, 000 41 
1, 500, 000 42 
2, ?.00, 000 43 
750,000 44 
2, 700, 000 45 
2, 700, 000 46 
250, 000 47 
2, 200, 000 48 
2, 000, 000 49 
1, 000, 000 50 
1, 100, 000 51 
700, 000 52 
500,000 53 
1, 600, 000 54 
600, 000 
800,000 
Name. Depth Daily fl. ow in feet. in gallon!'!. 
Blaisdell.__ _ . • • .. . . . 253 5110, 000 
· Easton ..• ·---- ---··-·· 600 500,000 
do . . · ····-·--- ·---·· 550 700,000 
Lontitt _ ......... -·--·. 443 500. 000 
Holden................. 625 250,000 
Hoskins··-·-··-·--····· 374 500,000 
Hag~in •. .. ... .• ... . .. . 470 1, 400,000 
bi!r::!~g:::::.:.:::.::~: ~~~ ~:~~~:~~~ 
Cox: & Clark ...... _.. • • . fj04 900, 000 
Gilogl.v ··----··---··--·· 666 200, ooo 
~~~g~~::::::::::::::::: ~~~ ~: ~~~: ~~~ 
... . do .•.••• ·-·--··-·-·· 703 200,000 
do ....••..••...•••.. 400 900,000 
Butr;ber ·· · ---··---··-·· 370 !'\00, 000 
Preuz .. ....... ·--··· . .. 345 1, 500,000 
.A.wlerson . ... _ .. _ ••• _. 800 J, 200, 000 
Kolb .....• ··----. ....... 305 1, 300, 000 
Cox ..•••• ····-··--·· · .. . .... . .......... . 
Phillips................. 525 700,000 
Leake--·--··-·--··-·-·· 750 4, 000,000 
Duncan ................. 360 900,000 
Haley .••••••••..••...... 600 1,400,000 
Hebert.................. 290 200,000 
Sinclair .. _ .. ••.. __ •.. . . . 270 15D, O!JO 
Total .••••..••..••. :-·~·~-~~·=-·f6i-:97o, ooo 
In California thrre are 25 artesian basins of varying character and 
pressure, but that of Kern County is the most remarkable. The State 
Engineer's office, in its volume of 1 ' Physical Data and Statistics'' for 
1889, gives the following for the-
Central Valley. 
Counties. 
San .Joaquin ............................. . 
Stani~lans ....... ·-··-· .•.•...••.••••.•.•. . 
llerc('(l. .......•..•••.....•.... ·-- __ • ---- .. 
Tulare .................. ·-·---······-···· 
Frc, no ......................... . ........ .. 
Kern ............... ·-··----··----··----· 











Above sea B ..A.vefag!J Total tlo'v 
Diameter _owo we s in gallons 
level, depth of casinO' ur gallons her 24 of wells. o• per 24 
hours. ours. 
920 to 1, 250 
270 to 1, 000 
127 to 675 
214 to 928 
150 to 910 
180 to 630 





7 to 10 
6 to 7 
7 to 9 
2 to 10~ 
315, 000 2, 538, 000 
101, 300 1,178, 800 
70, 800 2, 76!!, 000 
442,450 28,810, !JOO 
150, 400 3, IO.'i, !100 
790, 150 6, 562, 600 
The 18 acl•litional well• .e;iven ill the Kern C'ounty ast have lleon sunk since the date of the above 
data. 
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MACHINERY, 1\>IEANS AND APPLIANCES OF IRRIGATION. 
The tools, appliances anrl machinery in use for hydraulic construc-
tion and well boring, with the material~, means and forms used therein, 
present an important part of the irrigation problem. Inquiries are 
being daily made to this office in relation to them. It bas, therefore, 
been deemed appropriate to insert here a summarizatioll of such mat. 
ters. This work bas been carefully done by Mr. Frank Blaisclell, 
civil engineer, wbo is engaged as office engineer t>xpert and drafts· 
man. Those interested in irrigation will find this paper of value. 
PUMPS. 
There are so many styles of pumps used, some of which would only 
be suitable for special localities and cond1tions, that to reeommP.nd any 
particular pump would be u11fair, not only to makers, but tbost- contem-
plating using the same. Sixty-nine per cent. of the water-works oftl.Je 
United States pump either a whole or a part of their supply. • 
For raising water for irrigation from wells, strcarus, lakes, or reser-
voirs, chain or link elevators are now being nsNl and give satiHfaction. 
Tl.Jey handle large quantities of water with small expenditure of powel'; 
c:\11 be operated by lwrse, steam, or water-pump, and will pump from 
300 to 2,200 gallons per ntinute. 
An improved patent water elevator is here briefly described. It differs 
materially from other eleYators as to its construction, working as it 
docs on an iucliued rail way, aud earrying cups in very close proximity 
to each otl.Jer, propelled by an endless chain, and are emptied at such. 
an angle as to g·ive a continuous stre€lm of water. 
_ The capacity of this elevator is without limit, as the cups, tanks, or 
cars, as they may be called, form a complete endless train that can be 
(lelivcred of their load at any given height and return empty, and are 
again filled automatically without any strain on the elevator or slack-
ing of its sveed. 
A farm<'r having only a quarter section of land can own an ele\·ator 
and irrigate his farm by the use of one lwrse with the ordinary spur-
wh<'el horRe-power, and the large farmer or rancbmau by the purchase 
of a large elevator aud a small increase of power, can haYe water on 
any part of his property. 
PnlsometP.r st('am pumps having a capacity of GOO to 1~0,000 gallons 
per hour are used in raising water where the source of supply is from 
wells and beds of rivers, or from other positions awkward for irrigation 
purposes. The pulsometer pump is speeietlly snited for use by unskilled 
labor on account of its simplicity and freedom from der:.lngement. 
\Vater, if containing 60 per cent. of mnd orsancl, can be readily pumped 
from wells or streams by the pnlsometer pump. 
Tbe expense of running these pumps is inconsiderable. A number 8 
size, discharging 45,000 gallons of water per hour, which was used by 
ranches and fruit-growers on Snake RnTer in \Vashington aml Idaho, 
was run at an expense of about $1.50 per day. 
Centrifugal pumps are very etleetive for raising water and of any 
size and capamty; such a one was used at the Centennial in Philadel-
phia and wa.s able to throw 100,000 gallons per minute. That would 
be sufficient to supply about 7,000 acres of land with water for continu-
ous inigation. The prineiple upou which this pnmp worlu; is that of 
the common propeller of the steamship. Au ordinary propeller shaft 
is iuclo~ed in au iron pipe and is rotated by means of a pulley and a 
belt from an engine. 
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Water can be lifted any desired height with this pump by prop~r 
adjustment. For extensive irrigation it is well adapted. At the present 
time smaller pumps will be most available for watering crops when 
rain is inadequately supplied. 
For such purposes small pumps are manufactured at a comparatively 
trifling cost. One of these, which is operated by steam, is an engine 
and pump combined, manufactured at Little Falls, New York, at a 
eost of $75. This pump will rai~e 30 gallons a minute, which will 
be sufficient to daily cover 2 acres of land an inch deep. 
The ellgiue is of 2-horse power and requires a boiler of equal capac-
ity. The whole complete will cost but little over $200. It can be 
put to profitable employment by almost every market. gardener or fruit-
grower who cultivates 10 to J2 acres. 
Portable centrifugal pumps for irrigation purposes are manufactured. 
They are fitted on wrought-iron earriages witll four iron wheels, with 
front ones to swiYel. They can also be fitted on two-wheel ea.rriages 
with suitable wooden draw-poles, shaekles, etc. Jnnetion and discharge 
pipes may be fitted either with plain or swiveling heads. 
In the ehoice of pumps, where the height to wlJieh water is to be lifted 
is to be taken into cousideration, the centrifugal will be found economi-
cal and effeeti ve. These pumps are capable of lifting enormous quan-
tities of water at a comparatively small expenditure of power. Where 
the lift is above B feet. centrifugal pumps are almost always preferable. 
There are in use several kinds of nwunrn pumps, and centrifugal and 
electrical pumps for raising water for irrigation purposes fmm deep and 
shallow wells. The extent to which pumps of diff{went makes are nsed 
is largely dependent upon local comlitious. In some localities one make 
of pump alone is used. A different style of pump was found on l>eing 
tested not to give satisfaction. For irr1gation purposes, small steam 
vacuum pumps manufactured at Greeley, Co1orado, have given great 
satisfaction. 
An elevator is used, with steam power or any power that will give a 
steady, rapid motion; as the wooden buckets fit into a wooden shoe 
loosely, by a swift motion they earry the water out very rapidly. This 
is, however, not suitable for wind power nor any power where the mo-
tion may occasionally be slow. 
Wind-mill pumps are used in raising water from wells and streams. 
Some are warrauted to stay up in any storm, no matter how severe. A 
16-foot mill with an ordin<try trade wind will pump 2,400 gallons per 
hour, the pump being a 5 inch suction and a 7 -inch stroke. 
A windmill known as the Gibson Uyclone Mill, for irrigation pur-
poses, has been invented but not yet placed on the market, by Mr. S. 
G. Gibson, of Mineola, Holt County, Nebra1ka. This wheel is said to 
run with all the force of tile wind against it witlwut moviug a partiele 
the end of a shaft. It can be built up to 100 horse-power with a trifle 
more cost than a 30 horse-power mill. Tile sails are made of strong 
duck, put in a frame of 11-inch by l.Z-inch lumber, and are so fastened 
in the wheel that they can be dropped on the ground and stored away, 
leaving uoth ing but the bare arms for the wind to blow tilroug·h. Sails 
ean be put in again in 10 minutes. As the tower for a 3fi-foot wheel is 
only 18 feet high, the wheel comes close to the ground. On Mr. Gib-
son's windmills, Nos. 12 and 4, the sails are not dropped out fiut rolled 
up on forty rollers. This style of wheel costs $150 more and is a great 
deal heavier in construction. 
A cheap an~l simple wr1alrnill that is reeommeuded is known as No. 
3; tile wheel is 35 feet in diameter, has a 15-inch cylinder aud a 12-
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inch stroke. The cost will be about as follows: The tower and lumber 
in the well~ from $225 to $~50; labor, $80 to $95; a 5-acre reservoir 
4 or 5 feet deep, $80; total cost about $400, or $2.50 per acre, calculated 
for a 160-acre farm. This mill will, in a fair day's blow, cover 10 acres 
2 inche~ deep. Such a mill as this is of 30 horse-power. 
Irrigation windmills have proven to be a cheap and ready method of 
furnh;hiug water for irrigation purposes. 
Two mills, one 20 and the other 24 feet, are used at French Camp, Cali-
fornia, to fill a reservoir having a capacity of 2,000,000 gallons. These 
mills will fill the reserYoir in 5 days. When tlle reservoir is full, the 
gate il:) opened and 20 acres of alfalfa, sevPral acres of fruit trees, and a 
yonug vineyard are irrigated. .c\.. 16-foot mill with 5-inch suction lift 
pump, with 7-inch stroke, will fill a tank of 12,000 gallons capacity in 
5 hours. 
Electric pumps are now being placed on the market, and are said to 
be cheap in construction, inexpt'llsive to run, noiseless, and perfectly 
safe. Experiments by Mr. Etlison, now in progress, indicate that in a 
short time an independent electric motor may be put upon the market 
powerful enough to run tllis pump. Tllis will widely extend its field of 
usefulness. 
L!F'l'ING BY STEAM. 
Special Agent Nimmo reports that Mr. M. W. Hazelton, a mechanical 
engineer of Ollicago, Illinois, claims to llave perfected a device by wllich 
1,000 tons of water can be raised ~5 feet at a cost, of $1 upon tlw uasis 
of $2 per ton for coal. He proposes to do this by filling a large steam 
chest or resenToir, then by cutting off the steam and opening a valve 
in a pipe descending to the water to rah;e the contents of any snell 
reservoir by the condensation of the steam. lVIr. ·Hazleton's chief re-
liance would seem to be in the economical manner of generating steam 
wllich he proposes to use in a boiler also of his own inveutio'n. 
METHODS OF BORING WELLS. 
In the construction of artesian wells great care must be taken to 
make the casing water tight. The casing in common use for artesian 
wells, in which water is to stand under the pressure of frequently one 
or more atmospheres, is often deficient in this regard. Through every 
opening in the casing, when the same serves, as it. often does, as pipe 
to conduct the water to the surface of the ground, there is a flow of 
water due to the particular size and form of opening and the excess of 
pressure within the casing over that upon It~ outside. The greatest 
loss will occur in water-transmitting strata, where, no matter how great 
the leakage from the well, the outside pressure is not increased. The 
loss will be comparatively slight in clay and other nearly impervious 
strata which are soon saturated with water, under quite or very nearly 
tlle same pressure as the water in the well. 
* Ordinary artesian well-casing is double. It consists of inn~r and outer joint8, 
which overlap each other one-half of their length. 'l'he casing is forced into the 
ground as the boring progresses by means of powerful levers. His presumeu that 
the en<.ls of the joints tit snugly agamst each other. The seam is nothing more than 
one of simple contact, and can not be expected to be >Yater-tight even when well-
1ittiug. The longitudinal seam of each joint is riveted. The rivets are abouL a 
inches apart in a single line. This seam is practically water-tight. 
Tlltl rivet hearls of inside and outside casings prevent, their perfect contact. Water 
l'~<eapiu~ from the insicle ca~ing finds easy p:Lssa~e to the IH':trest horizonral joiut of 
"Front note::! made by C. F. Gnu~~ky, C. E. 1 in SLate .Bugineer Office, Californiaf 
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the ontside casing, and there esr:apes into the pervious strata adjoining, or is held 
back by tlle water already under an equivalent pressure in the impervious one, as the 
case may be. " .,. " 'Vater outside, from top to bottom of the strata, has a uniform 
ex(;ess of pressure O\'er tila.t witlliu the cas1ng; con~eqnent.ly, each opening in the 
casing, if we ~>llp}Jose them to be of uniform size, a.llmits the sa111e qt.aality of water. 
If there be 20 openings from top to bottom of the strata, and no water enters tlle 
casing from below, then it is evident that the upward me~m velocit~ in the casing 
will ue 20 times as great above the uppermost opening as it is just above the lowest. 
Unless the artesian water flow with nntlsual force, tile result is that pa.rtiCics of !:!and 
ent(tr the casing throngh the lowest slits, ancl sinking to the hottom they gradnally 
till the well with sa.nd, clloking off th<' flow of opening after openmg, no doubt fre-
quently impairina or destroytng thd tlow of tile well. 
Water shonlu aiways be admitted through sufficiently large opcuings near the top 
of the water-bearing stra,tnm. Only when tile stratum next above is soft clay, 
which is likely to sink into the water-filied cavity caused by the outflow of sand, 
ought this rule to be i~J,nort:d. 
Sometim'es a nnmbeL' of strata of saud OL' gr:1ve1, bearing artesian water, are bored 
tllrongh before the boring is stopped. The quPstion then arises, shall tlley all be 
tapped, or is i.t policy to exelut.le sollle of the weakest tlows f The pressure within 
the casing, at any point, is tha.t due to the hetght of the outflow of the well above 
that po:llt·. No st,ra,ta St"nd up water to the outflow unless the water pressure in them 
is greater than the prPssnre in the casing. Bat when tlle flow is a small one from 
any slratum, and its peruHt!lency has uot be(m established, it is always wise to ex-
clude it, provided that in tile same boring other anu larger supplies of water have 
hcPn found. Even a sli!!bt decrease in the pressure existing in the stratum which 
yields little water may reduce it to less than the hytlrol:ltatte pressure in tho casing, 
and immediately an outflow of some of the water from otller sources into this stratum 
is the result. 
When the lowest of the artesian water-bearing strata of any well supplies only a 
small proportion of its water, tllen sa.nus, etc., brought into the well through open-
iugs in the other strata, sink to the bottom. 'fhe well is gradually filled up to the 
elevation at which water enters with force enough to move sand grains upward. 
The lowest :flow is partially or entirely sacrificed until the well is cleaned out. The 
cleaning-out in 1mch a case will be necessary, more or less frequently, accorcling to 
the amount of saud moving with the water in the up per strata. 
Water should rise in casings or pipes a.dapteu to the flow, having snell diameter as 
to make the upward velocity of the water not less tllan 3 feet per second. No water 
is lost thereby; tile well 1\' ill never need cleaning. 
WELL-BORING MACHINERY. 
There are a great many companies in the United States manufactur-
ing machinery for gang, driven, and bored wells. Wells may be sunk 
of any size, from 2 to 44 inches iu diameter. 
Well macllines are made for sinking bores through all formations and 
for any depth. When rock is encountered diamond-pointed rock drills 
are u::;ed for boring. These drills take out a cylindrical core for the 
entire distance through the rock stratum. Well augers are also used 
for cutting holes through rock. 
~'Club-churn" drills have been found to be a cheap and quick method of 
sinking artesian wells. They have been known to sink 45 feet iu 12 
hours as against 15 feet with the dii:tmontl drill, or 90 feet in 2! hours 
against 35 feet. 
The hyrlraulic and jetting process for sinking wells is done by raising 
and dropping the drill, forcing a stream of water down through the 
drill rods and washing the dirt out as the work progresses. They are 
suitable for sinking wells in the aliu viallluposits where there are gravel 
and stones iu the soil. Tltey are better a«lapted for small than for large 
wells. Those from 2 to 6 inches in diameter mas be sunk to a depth of 
1,000 feet. 
The revolving· and hydraulic process for sinking wells consists of 
revolving well or the 1lrill pipe insi<le of the ca<sing. The advantage of 
the re,Tol ving process over others is, that the pre~sure of the water on 
the out:-;ide of the turl>ine carries out the debris and holds the bank 
S. Ex. 53--8 
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from caving- and binding the tubing, allowing it to descend more ea~ily 
and rapidly than is 1wrmitted by auy other process. 
A drive wdl is formed by dridng a tube into the earth for water, 
without bringing the dirt out. An aug-er well is one which is snuk 
into the alltwial or soft formation by boring with an auger, and it is 
curbed with wood, cement, or sheet iron pipe. 
PIPES. 
Wrought-iron bids fair to supersede cast-iron for large mains, on ac-
count of its lightuess and great ten~nle strength. Wrought-iron pipes 
of 24-inch diameter and under, for the purpose of irrigation works un-
der light pressure, may be safely made of wrought-iron plate ~ith tight 
riveted seams. 
"\\'?rought-iron pipes wllen in the ground are in more danger of cor-
roding tllan tllo~e made of cast-iron. They are subjected to a treatment 
of tlle application of a coating of asphaltum and coal tar properly pre-
pared. Wrought-iron pip~s are specially suitable for an uneven coun-
try. The reduction in the weigllt of the iron has reduced tlle cost of 
tlle completed pipe in the tr~nch. 
On account of the ready corrosion of wrought-iron when exposed to 
a flow of water and to the dampness and the acids in the soil, wrought-
iron cement-lined pipes have been used with success. 
The mrthorl of manufacture is simnle. Tlle sheet-iron is formed and 
closely riveted into cylinders of 7 or -8 feet in length, and of a diameter 
of from 1 to 1~ times greater than the clear bore of the lining. The 
pipe is then set upright, and a short cylinder of a diameter equal to 
the desired bore of the pipe is lowered to the bottom of the pipe. Some 
freshly mixed hydraulic cement mortar is then thrown into the pipe and 
cylinder, which has a cone shaped front, and guiding spurs, to main-
tain its central position in the shell, are draw up through the mortar. 
A uniform lining of the mortar is thus compressed within tlle wrought-
iron shell. Tlle ends are then dressed up with mortar by the aid of a 
small trowel or spatula, and the pipes carefully la!d upon skids until 
the cement is set. Interiors of pipe lining are treated to a wash of 
liquid cement while still fresh, so as to fill their pores. In another proc-
ess of lining smoothly turned cylindrical maudrils of iron, equal in · 
length to the full length of the pipe and in diameter to the diameter of 
the finish bore, are used to form the bore anu to compress the lining 
within the shell. A fortnight or three weeks is required for the cement 
to set, so as safely to bear transportation or haulage to the trenches. 
In the mean time the iron is or shoulu be protected from storms and 
woit~ture, and also from the direct rays of tile sun, wllich mululy ex-
pands the iron and separates from a portion of the cement liuing. 
When these pipes are laid in the trench, a bed of cement mortar is 
prepared to receive them and they are entirely coated with 1 inch 
thickness of mortar. The smaller sizes of this kind of pipe llave pro,red 
uniformly successful. The iron is relied upon wholly to sustain the 
pressure of tile water; the cement is depended upon to preserve tlle 
iron. Both objects are accomplished. 
Wrought-iron pipes, coated with asphaltum, have been used almost 
exclusively in California, Nevada, and Ort>gon, some of those of tlle 
San Francisco water supply l>eiug 30 inches in diameter. 
Some of these wrought-iron piJH~S in siphons are subjected to great 
pressure, as, for iustance~ in tlle Virginia City, Nev., supply main 
portion of the pipe is subjected to a steady static strain of 750 pounds 
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per square inch. The thickness of this pipe shell varies, according to 
the pressure upon it, as follows: 
Head. 




200 feet or less .................................................................. .. 16 . 06[> 
200 to 330 feet .................................................................... . 15 • 072 
330 to 430 feet .................................................................... . 14 • 083 
4:!Q to !170 feet .................................................................... . 12 .109 
570 to700feet .................................................................... . 11 .12 
70Q to !l50 feet ................................................................... . 9 .148 
7 .18 
5 • 22 
!J50 to 1,050 feet. ................................................... , ............ . 
1,050 to 1,250 feet ................................................................ .. 
1,250 to 1,~00 ft'et ................................................................ .. 3 .259 
1,400 anu over ................................................................ -... . 0 .34 
The joints are covered with a sleeve and the joint packing is of lead. 
The !:!hells of wrought-iron conduits and pipes should be of the best 
rolled plates, of tough and ductile quality, of ultimate strength uot less 
than 55,000 pounds per square inch and capable of elongating 15 per 
cent. and being reducerl iu sectional area 25 per cent., before fracture. 
RIVE1'ED IRON OR STEEL PIPE. 
Riveted iron and steel pipe offers great ad vantages in irrigating pur-
poses. The main adYautage of this class of pipe is its cheapness com-
pared with the price of heavy cast-iron pipe, it~:~ light weight per foot, 
consequent ease of handling and low cost of tranto;portation, and its 
great tensile strength, enabling it to convey water under very heavy 
pressures. In all irrigation systems where it is desirable to convey 
water nuder pressure, this pipe is extensively used. 
Great care must be taken in manufacturing it; the exactness of.fittiug, 
the method of riveting, the selection of material, all have to be honestly 
and iutelligently attended to, otherwise the pipe is a failure. To pre-
yeut it from rusting the pipe is coated thoroughly inside and out with 
a mixture of crude petroleum and. asphaltum and in a bath of great 
heat. 
The pipe is. manufactured from a high grade of sheet-iron or sheet-
steel, varying in thickness from No.8 to No. 12,Birmiugham wire-gauge, 
at a temperature of 3000 to $500. 
DRAIN PIPES. 
Drain pipes marle of porous clay are perforated and are used to a 
considerable extent for ~mbsoil irrigatiou, though the common drain tile 
will answer every purpose. This ldnd of pipe bas the advantage of 
cheapness of material. 
CONCRE1'E OR CEMEN1'·LINED OPEN CHANNELS. 
Concrete or cemeut-lined open channels may he used where local 
gravitation is sufficiently favorable, thus preYeutiug loss by pereola-
tion. These open chanut>ls, however, are subject to evaporati<,n. lu 
cases where there would be very low pressure, cement pipes are recom-
mended, as they have the ad. vantage of cheapness compared with iron 
pipes. 
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WOOD W .A.'rER PIPES. 
The patent wood pipe7 manufactured at Bay City, Michigan, has been 
·1sed in many western towns and bas developed unusual strength. 
Its chief peculiarities are a spiral band of hoop-iron to increase its 
resistance to pressure and water-ram, a coating of asphaltum to pre-
serve the interior of the shell, and a special form of thimble joint. 
These pipes are made from white pine logs in sections usually 8 ieet in 
lfmgth. These wood pipes no doubt can be manufactured so as to 
stand pressure of water for general irrigation purposes, although they 
have not been used to any great extent for that purpose. 
Galifornia bas done much to perfect a subirrigation system. Besides 
the asbestiue or concrete form of water pipes, the following impervious 
conduits are in use there: 
The Zanja Madre channel at Ijos Angeles is lined with concrete, and 
has a cross-section of a segment of an ell1pse with a diameter of 5 feet 
and depth of 3~ feet. The thickness is 6 inches. The iugrf'clients 
used are: Hydraulic lime, 2 parts; clean sharp saud, 3 par'ts; peb-
bles (l-inch diameter), 4 parts; small stone (2-inch to 3-inch diame-
ter), 4 parts; larg·e stoues (not exceeding 5-inch diameter), 4 parts. 
This cost about $1.80 cents per lineal foot. Another concrete-lined 
channel bas l>een constructed at the !Jake Vineyard. It is 17,000 feet 
long, with a cross-section of 4 feet across and 3 feet deep; cost, $Ll6 
per lineal foot. A tunnel conveying water to Los Angeles, lined on 
the bottom with concrete 4 inches thick. forming a semi-cir·cle of 4 feet 
diameter, cost about 75 cents per lineal foot. The concrete consisted 
of 28 cubic feet of gravel, 8 feet of sand, to 1 one barrel of Portland 
cement. The sand and cement were mixed separately with water, with 
white lime to retard tlJe setting of the concrete while being consoli-
dated. The laggi11gs were inserted as the concrete was brought up. 
'Ibe roof of the tunnel is formed of brick, set in cement. 
To prevent erosion and percolation, channels are sometimes pitched 
with cobblestones. It has been proposed to prevent tlle percolation 
from ditches by silting gypsum through the water in the ditches. 
Metal pipes, iron aiHl steel, are now used in Southern California, for 
conveying water for irrigation. Wrought-iron riveted and asphalted 
pipes are jointed stove-pipe fashion, set with red or white lead, when 
not subjected to greater pressure than 125 feet. Three men would lay 
2,000 lineal feet per day up to 8-inch piping, and from 8-inch to 12-inch 
1,000 feet per day. The laminated pipe is made of two shells of sheet-
iron. These shells are wrought from o11e sheet of iron 8 feet long, rolled 
and lapped 1 inch, and united by a composition solder. They are half 
the thickness of iron that would ue necessary for the ordin"a.ry sheet-iron 
pipe. The inner shell is telescoped into the outer shell while immersed 
in bot asphalt, specially prepared, giving a thickness between the ~bells 
of one-sixteenth inch or more if desired, thus making an hnpassable bar-
rier to corrosion from outside or inside. Inside and outside coatings are 
also substantial. This produces a solid shell 8 feet long, with an inner 
surface free from all excrescences. The pipe is also made double of one 
sheet, by rolling a sheet that is twice the width of the shingle until the 
edges will lap, with a thickness of iron between them; the lap is riveted 
Tllese are in asphalt, but it can not have the intermediate lamina of 
asphalt, which is the main advantage of the lamiuated over the single 
.sheet irou pipe. Both these descriptions of pipe are joined end to end, 
an inner sleeve being fixed in the shop; in laJ-·ing, this end is dipped in 
hot asphalt, and an ouh~r sleeve also dipped and pressed on by a clamp 
P I PE LINE ON PHYLLIS CANAL . 
IDAHO MINING AND IRRIGATION CO. 
Pipe made of wood (pine) with 1 inch iron (1·ound) bands. 
Diameter -18 inches. Length 500 feet. P1·essm·e ,:;..J lbs. 
Inlet ..J feet belou• outlet. Capacity li>O cubic feet pe1· section. 
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mTer the joint, until the asphalt is set. Bends and branches are of cast-
iron, as in the ordinars sheet-iron pipe, an( t]Je joints made of cement. 
The 4-inch laminated pipe has been tested up to 500 pounds per S(]nare 
ineh. The soldering or the joint is a source of danger; this, of course, 
could be guarded against. 
Concrete pipes, where good sand is obtainable and no pressure is 
re(]uired, have been extensively used. Ontario Colony, San Bernardino 
County, is mainly dependent on concrete pipes for conveying the watet' 
from the eanon. Thirt)~ miles of 12-inch concrete pipe have been laid 
here at a cost of 42 cents per lineal foot for making. The ingredients 
are cement, sand, and gravel, in the proportion of 1 of cement to 4 of 
clean, sha.rp sand and gravel. The gravel may be as large as half the 
thickness of the shell of the pipe. The pipe is formed in moulds of sheet-
iron. These consist of two sheet-iron cylinders, an inner and an outer, 
both of wl1ieh can be expanded and contracted by means of a bar fixed 
parallel to the joint, from which four arms project that are conuected with 
the outer edge of the joint so as to close or open it. Bet" eeu these 
cylinders is a cast-iron ring forming the base. This cast· iron ring is 
shaped to mould the end of the pipe to form a socket. The inner cyl-
inder or core is kept central at its base by being inside the cast-iron 
base. It is centered above by hand, until sufficient of the concrete mix-
ture bas been consolidated around it to keep it so. The filling is then 
completed, being put in in small quantities at a time, and cousolidatecl 
with an iron rammer. The upper end of the pipe is shaped to form a 
spigot, by means of a cast-iron ring that is worked round by band. A 
6-iuch diameter 2-feet-long pipe is made, at the rate of 1 per minute by 
3 men. Only as much of the mixture must be made at one time as can 
be used within 10 minutes after mixing, or its settling qualities '-rill l>e 
injured. The newly-made pipe is remo\ed from the mould, or rather 
the mould is re~oved from it, on the drying area, the base bf'i11g left 
for it to stand on until sufficiently set to handle. For bantlliug the 
larger sized sections a clip with handles is used and another for laying. 
The joint is made with cement. The pipes made with the mixture of 1 
to 4 are not guarantied to stand pressure, but with a slight increase and 
well consolidated, they will stand a considerable bead. These concrete 
pipes are cheaper than any other when suitable sand and gravel are 
obtainable near the 8ite where they are to be used. 
The continuous pipe-making machine consists of a cylinder of the 
size of pipe required, in which an India-rubber core is moved backwards 
antl forwards by a lever, the concrete material being thrown into a fun-
nel fixed at right angles to the pipe-making cylinder. By this means 
three men can make over 1,000 feet of 2-inch piping in 10 hours. 
Asphait concrete pipes are made in the same mou-lds as described for 
concrete pipes, and are superior to them, being perfectly impervious ami 
capal>le of withstanding much greater pressure. The propo,U.iou of 
sand to asphalt and other· ingredients-sulphur, cement, and oxide of , 
iron-could not be ascertained, but it is not necessary to limit the 
quantity as in cement concrete, for the larger the quantity of sand that 
is used the harder and better are the pipes. This material bas beeu 
extensively used for sewer pipes as well as for fl.oor!:l and pavements. 
Of course the material is melted for mixing with the sand and other 
ingredients and is poured into the moulds. The pipes are united, when 
laid, by heating them, so that it becomes a eontinuous pipe, as strong 
at tbe joints as at any other part. Where the ground is yielding, they 
they are laid on piles driven 6 feet into the ground, and a plank is laid 
on top of the pile; on this plank the pipe rests. 
11R lR~lGATJON. 
The asbestine system consh;t~ in conducting the water in concrete 
pipes, lJelow the reaeb of tlle plow, along each row of trees. At each 
tree a plng is set in the upper ~ide of the pip('. Each plng· has a small 
hole tilrougil it, tilrongh which, and nowhere else, the water escapes, 
falling on the outsi,le of the pipe, and being taken into the soil by 
capillary attraction. It saves from three-fourths to nine-tenths the 
water used in surfuce irrigation. It is under perfect control and can 
be applied wlJere-ver irrigation is needed. No gradiug is necessary, as 
the plant works as well on the hillsides and undulating lan<l as ou 
· ground uniformly sloping. The practiee of it does not seem to be ex-
tending so fast as it did when tirst intrQduced. Tlle water will sprea(l 
over a circular area of 16 feet diameter in 4 or 5 honn; in ordinary soil. 
Where water is scarce an<l bas to be conveyed long distanees in cbau-
uels exca\Tated in tile soil, exposing it to too great a loss, impervious 
channels and pipes of various kinds have been resorted to, to conyey 
water to land that was valueless without it. This has caused the adop-
tion of a variety of materials to render conduits impervious, and various 
modes of application of water by tileir nwans. 
A new irrigating hydrant atl"ords a qmck and efficient means of shut-
ting oft' the flow of water from pressure pipes. The valve is so arranged · 
that when opened it allows the escape of the whole volume of water 
flowing through the pipes, and the flow is also easily regulate(l. It is 
made with a concave top which completel;v arrests the force of the flow 
and causes the water to descend in easy flow to the ground. Ati irri-
gating hy<lrant with spout is mostly used where it is <lesigned to cou-
duct the water on the surface of the ground trouglJs. The area of the 
spout is equal to that of the upright pipe, and permits the full flow to 
l>e discharged. The valve is so constructed that it can be raised to 
tile top of the head of the hydrant, or it can be opened only sufficiently 
to allow the escape of any quantity of water desired. Tilese h,ydrants 
are also made with an attachment for locking them eitlJer wlJen opened 
or closed, or when the valve is in any position. 
FLUMES. 
The use of flumes as the means of conducting water by gravitation is 
recommended. The materials from which flumes may be economically 
and safely made are limited to wood and galvanized iron. Properly 
constructed, there is no difficulty in keeping wooden flumes water-
tight. 
For flumes up to 2 square feet of sectional area, gah·anized iron, 
soldered at joints, is inexpensive and efficient, combining lightness with 
durability and security. A proper system of ereetion and support 
slJonld he adopted. TlJe flume should be laid along a longitndinal beam 
or girder, supported sufticienti.Y to prevent warping or bending with 
the weight of water. lrt.Jl! U-straps should be fixed to the girder at 
intervals, holding the flume in position. 
In distributing water l>y·means of wooden flumes it is found difficnlt 
to intercept it en route without encountering loss by leakage. The 
water is intercepted by a sluice door and backed up until it overflows 
into the funnel. The amount of water intercepted can be regulated by 
the height at which the door is fixed. The flume would require to be of 
larger dimensions at the '' otl'shoot," and should be run back level until 
it meets the sloping side. Tile funnel should be made of galvanized 
iron. 
The sluice door should be made of -!-inch plate iron, traveling in saw 
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r.nts }-inch deep. Indentations shonl<l be provided on the surface of 
1 he plates with which the adjm;;ting peg should be engaged. 
It is entirely practicable to make flnme.-; water-tight, as for instance 
the San Diego flume in California, which is nearly 36 miles in le11g'th. 
'J.lhe tlnme iH 6 feet wide, 4 fet't high, bnilt of clear, tlressed redwood 
plank 2 inelteH thiek, resting on heavy mndsills, the ·whole on a founda-
tion of roek or rarth iu its natural position, aud is sai<l to be one of the 
·most solidi) hnilt strnet ureH of the kiLHl iu United States. It is prac-
timtlly th-'e from leakage. 
IMPLEMENTS. 
'flte leveling of the gronncl is the first work to be done aftrr plow-
ing. ~o do tllis effectively and cheaply, a scraper operate(} by horse 
power IS necessary. Such a oue, much in vogue in Oaliforuia, consists 
of a frame 4 feet wide and 6 long, moun~ed upon low wheels aud con-
Rtructed of planlu; upon which the driver rides. A tongue is attached 
to the front of the frame, in a perpenthcnlar or sloping da·ection as may 
he desired. Handles or guides are fixed to tl1e scraper. 'Ibe scraper 
itself is a plank l~ ft>et long, 12- feet wi<1e, and shod at the bottom edg·e 
with a steel shoe. A balf.circular flat iron bar iR bolted to the front of 
the scraper and passes tbrongh an iron strap fastened under tile tongne. 
The bar is pierced with a number of holes, through one of which, in the 
middle .of the tongne, a bolt may be passed, so as to hold hoth tongne 
and l.>ar. By means of this contri\Ta.nce, the plank may be moved from 
a straight to a diagonal direction across the path traYeled, and the 
earth drawn forward or thrown to one side, or both. 
A very effective implt-ment, extensh·ely used amoug the French and 
Italian irrigators, consists of a frame of timber bolted or mortised 
together and braced with two diagonal braces at the front. It is gen-
erally square in shape, and may be made of any suitaule size. Two 
crosspieces are made of metal shoes, similar in shape to plate irons, 
which project beneath the surface. As the maehine is passe<l across 
the field, it will in time make a perfectly smooth surfaee, by removing 
all protul>erances and depositing the loose soil in the hoilows. 
After the ground has been brought to a smooth level surfa('e, the 
seed sown and field harrowed, the soil may be furrowed by passing 
over it with the scraper in the direction in which the water is to flow. 
The buck scraper is used for excavating: channels with slopes of not 
more than 1 to 4 feet. and is especially suited for san(ly and loamy 
soils, where it is found to be superior to the scoop. 
DITCHING MACHINES. 
Ditching machines are used with great snccess in the construction of 
water ways for the purpose of irrigation. By using the grading rna· 
chines in constructing irrigating canals it is fonnrl that they are labor-
saYing; they are also adaptable in building all ditclles, great and small . 
.. A. modern grading and ditching ·machine will elevate and place in 
embankment 1,000 cubic yards of earth in 10 hours, at a cost not exceed-
in-g 2 cents per cubic yard. The multiplication of irrigating canals and 
ditches has made earth handling by steam a necessity. 
DAMS. 
Stream water for irrigation will generally be taken from the level by 
means of a main supply canal; but where it is desirable to secure the 
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greatest possible head of watf'r, the stream level mu~t be raised by a 
<lam, and the supply canal lai<l on a higher line than the normal water 
level. A wing-dam is probably the best where only a small raise is 
needed, and its coustnwtion will vary according to the materials to be 
nsed and the nature of tlle stream and its bed. To obtain a srnr~ll head 
• a simple struetnre of brusll, stone, and earth will suffice, and work 
should be comHH~Hced at the head of the canal, which is fin~t excavated 
to proper depth up to the river-bank when the bead gate is properly 
con:structed. 'fhe wing-dam is then carried up the stream, and a double 
row of piles. 3 feet apart, driven in the river-bed carried as far as neces-
sary up stream would be advisable, as this point is exposed to the great-
eRt pressure, and generally the weakest because of the junction of the 
new dam formation with the old earth bank. Brusll, if convenient, may 
be interwoven between the piles or each row, and rammed compactly, 
and cross-ties bolted or pinned to them to prevent sprt>ading·. The 
spaee between the rows Rhould be filled with alternate layers of brn~h 
an(l earth wPll ramnw(l, rhe brnRb laid with butts tlown strea111. Ooar~e 
gra\'el may he used to fill on the outside. Beyond the piles hmsh eov-
ered with earth will divert tlle cnrn~ut where the di:iference of level~ is 
slight. In a swift eurrent crib-work would be required, or· else the 
piling continued to the end of the wing. 
Tlle water pressure on a dam h; alwa,vs exerted to overthrow or push 
it from the foundation, and therefore the form has much to do with its 
stability and resistance to the abr~~ding force of water. The danger of 
overthrow may be considered thus. The pressure of water upou auy 
surface immersed therein is equal to the area of the immersed surface 
multiplied by the depth of its center of gra.vity below the water level 
and by the weight of the unit of water. The usual unit is a foot, all<l a 
en hie foot of water weighs G2~ pounds. The conditions of a stable 
foundation include a weight of bauk, which, with the Yertical pres::,ure 
of water to hold it dowu, equals the horizontalJH'<·s~ure of the water 
ngainst the dam. It leaves a surp1us to meet unexpected contingencies. 
The material must also be such as will thoroughly hand mH.l cohere to 
prevent pereolatwn. Good examples of the inside slope of a dam are 3 
feet horizontal to 1 foot perpendicular or 2~ feet hori%ontal to 1 foot 
perpendicular, with the outside slope from 11 to 3 to 1, dependent 
upon the cbarn-cter of t.be material and means used to prevent wash. 
In case no overflow is permitted, a sodded fam~ will vre,Tent washing, 
though masonry or planking is preferable. The modern method of 
cons~ructing a dam is to introduce a puddle wall in the middle, placing· 
Helected material on eitlter ~ide, and forming the slopes of gravel, rub-
ble .stone, waste, hrokt·n rock, or other hke au <I convenient material. 
In forming the pnd<lle wall the earth or cl:1y, well select~d, shonhl be 
disposed in thin, regular layers, aud well rammed; on either side the 
earth should be disposed in even layt>rs from_ 2 to 3 feet thick O'i'er the 
·whoh•, and depressed in tlte center' of the work so as to form a basin. 
The facing on either side may be continued with any material that will 
serve-the inner of soft material, but the outer of solidity and penua-
llency of position, such as shale,r soil, broken stone, or rock. Pud-
dling should never be omitted, unless the circumstances are exceedingly 
favorable.* 
*For this hRt of some dams and reservoirs recently constructed ~r now being bnilt 
we are i111lebted to the State Surveyor-General of Nevada. It has value iu connec-
tion with this summary. 
CONSl'RUCTION OF StJRFACE AND SUBSOiL DA:MS. 12_i 
I Width. lrri- Cost of Of what material Name anti Ioc:-ttion. Height. Length. Area. gated. construe- constructed. . B""·l Top. lion . ------
Ftet. Feet. Feet. Feet. Acres. Ac1·es. 
Dmlller La lw, Cal ...•...•. 20 (') (1\ (') 1 228 24, 0~0 (I) (I) 
l'ardine v~llP.y, Cal ...... . 40 963 (I) (') 1, 025 21,935 (I) (I) 
J lt·uu .. ~s Pass. Cal ........ 50 550 ('l (') 590 23, 600 (I) (I) 
JToJH·y Lake ·water Co., 68 411 188 30 289 32, 000 $2!l, 726 Clay and stone. 
Cal. 
:"alt ltiver Dam, Ariz ... -~ 40 450 !'iO (?) (3\ (I) 500, 000 Red sandstone. 
New RivPr, Ariz _ ......•.. 75 2, 640 320 90 20,480 75,000 300, 000 Rock, in hy-
draulic cement. 
Agna Fl'ia, Ariz ......... 175 41, OllO (6) (I) (6) 75, uoo (6) Rock aud lime. 
ltol'ky Prairie, Modoc Co., 
Cal. 
9~ 500 22 8 500 (1) 600 Clay anclrock. 
::;tone'>i Cany(n, Modoc 9 400 32 8 (I) (1) 500 Do 
Co., Cal. 
• 32 Dl) Crcek,ModocCo.,Cal 8 400 8 40 (1) 500 Do. 
Las~wn Co.,Cal .......... 23 160 70 20 (') 1, 280 700 Do. 
Do .................... 20 160 60 20 200 1, :!80 600 Do. 
Gallutill's Rancll, Lassen 16 812 85 14 96 800 1, 250 Clay. 
Co., Cal. 
Brannon's Fl:l.t. Lassen 20 228 111 (I) 170 700 5, 500 Do. 
Co., Cal. 
Nurlht>tll DPYflopmeut 
Co., La>~~cn Co., Cal.: 
Dam No.1 20 600 70 1~} Dam No.2.::::::::::: 13 1, 700 6{ 15 I· 940 20,000 15,000 Clay and rock. 
Dam No.3 ............ 22 600 80 15 
Cuy:nnaca, San Diego Co., 40 (I) (') (') 12, 000 {I) 47,000 Earth. 
Cal. 
1 Unkuown. 2 Depth,6feet. 35,000rniuimumincb. 40ntop. 
6 Ample width. 6 Not given. 7 \Vater for stock. 
The most important poiuts in a dam are the waste gate, the outer 
slope over whicll tile water flows away, and the foUiu1ation. The 
waste gate should lJe built in the bank, thoroughly franwd and cased 
with planldng and protected with puddled clay. ~rlle outer face or 
slope should be protected with a plank or timber apron upon wllich 
the undertlow is rcet,ive(l or carried off'. The foundation has already 
ueen descriued. In additiou to the waste gates otlu~r appliances or of a 
storage reservoir are the clistributiug pipes aud valves. The valve is 
a circular plate which slid.es uetween two flanges within the pipe. The 
surfaces which come in contact are ground to fit accurately together. 
Subsoil dams are frequently coitstructe(1 with the object of cutting 
oft' the subterranean flow of water in channels whose beds soon become 
dry ou the surface, or those in which the surface flow sinks rapidly. It 
is iirst ascl..'rtained by siuking shafts across the channel when water is 
thus passing subterraneously. This will be observaule in some cases by 
floatiug substances traversing the shaft; but if the flow is very slow, it 
may not be detected by thi8 meaus. Coloring the wat~r with a dye will 
show it through the replacement of the colored by pure water. This 
bringing to the surface of subtenaneous waterflow is frequently done 
naturally by impervious strata traversing tbe water course; such locali-
ties are the best sites for weirs. Such natural bars are often to be found 
iu the plains, far removed from tbe source of supply, and to produce 
them artificially, in such situations, would generally necessitate very 
deep aud probably also extended walls. The inference is, that we should 
make our trial shafts where the valley is well defined. in character. Of 
course, these submerged daws can only bring water to 1 be surface of 
the cllannel where it is of sand or gravel, but if of impervious material, 
openings would have to be left in it, to be filled with saud or gravel, 
throngh which the water would rise, forming an artesian supply. In 
such mu.;es the eleYated water should be allowed to contiuue its course 
along its natural cllaunel without fear of its being again lost in the im· 
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pervious bed. Where the surfacr of the bed is of sand in which the 
water could he again lm;t, the elevated water must, of course, be di-
VPrted to an im1wrvious cllannel provided for it. Where 8uch subter-
ranean water ~an be intercepted, a considerable supply can be expected 
alter tlte wa.t(-'r bas C<>ased to flow prev·ions to this interception, for in 
nw11y eases, ncco1 ding to the geological formation and its porosity, a 
large proportion of the rai11fall is absorbed and given oft' gradually to 
subterrauean strata. 'fllis subterrant>an !Wlw ba~ also, in several in-
stances, het>ll intercepted by means of tumwls run in from tlle surface 
2,000 and 3,000 feet, tlw floor being planked to form a finrue, and the 
watC'r tllus eondnded to open ella unels. 
A COMBINED SYSTEM OF DRA~AGE AND IRRIGATION. 
A system of ngrienlt ure orig·inated by A. N. Cole, of We1lsville, New 
York, which is 110w being carried on and extende.I by A. P. Cole, has 
gi\'('n evidence of snceess. The system is alike applicable to tlat or 
hilly lauds, on those wllich are found stone or on tlwse which are free 
from it; in ari(l districts, or in sections where the rains and suows of 
fall, winter, and spring are a mph•. Tlw minor points to be considC'red, 
)10\Yever, ar~ the materials used iu construction and 'lepth of drainage 
mul of soil over the store<l waters. 
A gt•neral U.escr:ption of this system a~ applied 011 a llillside wllere 
sto11e was ahttn«laut is as follows: A trench 3 feet wide and 4 feet deep 
was opeued along- the hillside, crossing the field at a distauce of about 
~ 1~ I'O(lH. T\"i'o rods hdow tlds and parallel with it, another of the same 
d imem;ions was constructed, and so on down tlle slope. .At the bottom 
of t!Jese were loosely phced cobble and blocky stones until the trench 
was llearly ltalf filled, then smaller stones laid oYer these, finer ones 
then addeu until a comparath·ely even ~nrface was !Jad. 'l'wo layers of 
s!Jiugling from end to e11d with fiat stone, breaking joints, were re-
quired. In order to pre\ent the crevices between the stones from fill-
ing, sods, weeds, or the best materials to be had were placed. rhe ex-
cavated soil was then placed over all, the clay being first returned to 
t!Je trenches. The remaining surface and subsoil was pulverized and 
admixed, all fine stone IJeiug raked out, when the trench was filled to 
a point slightly above the original surface. This is done so when set-
tled all slwuld be even. 
As these trenches were dug they were connected by overflow m· 
drainage trenches, three in number, one at each end antl one .in the 
middle. Tllese were sunk in the soil about 18 inches, al)(l being filled 
with fine stone raked. Jrom t l.Je ~:;oil, to a depth of a bout 6 inches, 
shingled and sodded same as the reservoir, uutil the entire hillside pre-
sented a uniform surface throughout. This results in the formation of 
two water tables beneatll, oue of percolation from the bottom of the 
re~ervoir trencllCs, tlle other of overflow ancl filtration in time of surfeit. 
These trenches forme«l elongated reservoirs, which fillerl by the water 
courst•s tllat are cut off or by melting snows and early rains, thus hold-
ing· in storag-e thous{lncls of barrels of water. 
Level lands are laid out, trenched and connected in the same way, 
the only thing necessary being some point from which_ the surplus water 
can be drawn oft' at the desired depth beneath the ~urfaee soil. This 
outlet can be ·made from any one of tlte trenches in the system. 
The waters in the trenches can not rise above the overflow or drain 
tre.nche~, anrl when below tht'lll di~tribute themseh·es evenly below tiJe 
fln IJsoil. If there is no point where drainage can he easily secured, a 
dry well can be sunk where the water will pass oft', 
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Ronntl tile is ns<>d \Yhrrc the soil is le'i'el and stone not to be lwtl; 
Hlso in lands not nwlerlaid by retentive subsoils. In adopting this 
method the large reservoir pipe must be laid above and across the res-
ervoir tile. Large resen·oir pi pes should be laid on a level and closed 
at eacll end, water passing out slowly through the joints of the pipe. 
The clay near the joints will soon become puddled, so that the water 
will percolah.• tltrough it slowly when laid in clay. In order to prevent 
tlw rapid escape of the waters if laid in sandy, light, or porous soil, tile 
joints ~o~llonld he puddled. A small escape at the joints, in addition to 
that which will pass throngll the porous tile, will be ample and etfect-
iYe. At the point wi.ere thej cross, it was intended that eonnections 
be made by openings in both the reservoir and overflow or drainage 
line of tile. The latter may be constructed of 3-inch tile, and laid at 
sudt distance apart as the character of the soil may require. 
\Vheu small plots are to be irrigated, or the nature of the soil is such 
tllat there is danger of the trenches filling with silt, a square tile can 
be used for the storage trenches. The trench can be opened, the top 
plate taken off, and the silt thrown out with comparative ease. Where 
lumber can be had cheap, any planking may be used which will last 
well beueatll the soil. Round 3 inch tile will also answer for overflows. 
On lands wltere the saud is deep and leaches rapidly, trenches are 
opened and the bottoms and sides made nearly water-tight by Rprend-
ing a thin layer of mortar on the bottom aud as high up on the sides 
as is desired. The mortar is miule by using 1 part Portland cement 
and 7 parts sand. 
As different soils have different capillary powers, tlle depth of soil 
to be left over and above trenches and ov·erflow drains should be con-
sidered. For general purposes the following depths at wltich to put 
the overflow and drains are recommended: 
Inches. 
In muck lands __ .••. • .•.. _ ...•..•... ___ .. . • • . . . . . . . . . . . . • . • . . 18 
In garden soils_ ........••.......•. _ ..... _ .... _. __ •. . . . . • . • • • . 20 
In sand soils ___ . _ ••••. _____ ... __ .. _ ......••......... _ ...... _. 12 to 15 
In clay soils·------------------------· .... --····-------------- 18 to 20 
For all shallow rooting vegetation tlle soil should have less depth 
than for deep-rooting. 
For shallow growths the soil should be: 
Inches. 
In muck, notlesstban 15 incbesorover ·----------·---··---------- 24 
In garden soil, not less than 20 inches or over ...... ---- __ ----·---·- 30 
In sand soil, not less thau 10 inches or over ___ ... ___ . _ •..... _. __ .•. 16 
In clay soil, not less than Ul inches or over ....... --------·- ____ ·--- 26 
The following table is a good guide for use in laying out lands: 
Will lift water in about 30 days- Inches. 
Muck _________ .. ___ .. ___ ... _____ ...••.•••...• _ ... __ . _... . . . • • . 18 
Garden soil _ ..••. _ ..•.... ___ . _ ...••. __ ........•. _ . ___ . ___ . . . . . 28 
Saud._ .... ___ ... ____ ..... _ ... __ .......••••. _ .. _ .. _ ...•... _.... 10 
Chty ...••• ---· ..••••. --·-·· .••••• ----· ---- ----·· .•••••.••••• 28 
The following is a pl'tJposecl plan by Col. W. Tweeddale, civil engi-
neer, of Topeka, for the irrigation of western Kansas where water for 
irrigation can he procured from the underflow of ground water by 
pumping from wells and distributing by pipes: 
ELECTRIC SYSTEM OF DISTH1BUTION OF WATER l!'OR IRRlGATION. 
The use of wells as a means of water supply will prove more economical and effect-
ive in the practice of this SJ'Stem. Steam pumps should be used, obtaining their 
supply from a system of tnbt3 wdls connected to a horizontal main which constitutes 
tlle suction pipe of the pump. 
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From one hundred well points, ranging in depth from 50 to 75 feet, 7,000,000 gal-
lons were pumped daily. With the increa~e of area to be irrigated the cost of adop-
tion of this system is proportiouately decreased per acre. 
With two sections of laud flS the a.rea. to be ilTigated, divided into units of 20 acres 
each, place the engine and drnamos JLt the center of the area; locate each battery of 
wells at the adjoining ends of two 40-acre tracts, the motors and pumps to be porta-
ble, and the power to be transmitted by means of copper wires from the dynamos to 
the motors; the capacit·Y of engine, d~ namo, wires, wells, rnotors, and pumps to he 
such as to provide for the covering of the whole area of two sections of land with 1 
inch of water per week. 
:For the installation for an area. of 1,280 acres, consisting of a 60-horse power en-
gine, dynamo, poles, wires, insulators, sixteen batteries of wells of fifteen points 
each, six ruotors and six pumps, two extra motors and pumps being provided for the 
purpose of allowing for moving to new stations, thus keeping the pnmps running 
continuously, on the basis of one watering per week of 1 inch depth of water, Pach 
under a head of 30 feet, the cost will be $;l5 per acre. The cost of pumping, consist-
ing of fuel, oil, attendance, and depreciation of. plant, will be 12 cents per acre per 
watering. 
The water may be distributed either by means of ditches or by pipes, hoBe, ancl 
monitors; In the irrigation of fruit lands it is sometimes necessary to run small 
perforated pipes between the rows of trees. 
Estimated cost of irrigating by this ~>ystem is as follows: 
Installation of plant proper for one acre .......•.•.......••...••••• $25 
Installation of pipe system . . . • . . . . . • • . . . . . . . . . . • . • • . . . . . . • • . • • • • • • 20 
WATER INDICATOR. 
An apparatus bas been invented by which it is claimed that the ex-
istence, direction, and volume of subt&ranean water to any depth can 
be very closely approximated. 
The makers of this electrical device are Heerdegen & Schnee, of 
New York. They furnish estimates for sinking wells with guaranty of 
water, where supply from artesian wells is desired. 
BRASS 'L'UBE WELL STRAINER. 
In obtaining water from an unrleground stratum of sand or gravel, a 
strainer made of one piece of F;eamless brass tubing with fine slots cut 
in ~a me, the slot cut opening being cut from the inside and being larger 
on the inside will not choke up. These strainers can be nickel-plated 
at a slight additional cost, rendering tile surface harder. 
WELL TUBING. 
'Vithin the past few years stoneware pipes have come into very 
general use for tubing bored wells. Where there are no stones to 
obstruct the boring wells can be easily and cheaply made with augers 
similar to post augers, constructed for the purpose, and such wells, 
when lined with stoneware tubing, are found to possess qualities of 
cleanliness and durability. • 
For this use the sections are sometimes made without sockets, so as 
to fit tllf' hole more closely, but the regular socket joint is by far the 
best, as tl1is makes a more solid joint, each piece fitting accurately into 
the end of the next~ thus forming a continuous tube, leaving no crevice 
for the dirt to fall in, doing away with the· necessity of cleaning the 
well. Vermin can not crawl through the joints and fall in. Dug wells 
are curbed with the larger sizes. 
EXTENT OF 1'HE ARID REGION. 
The areas involved in the semi-arid and arid regions, tLe conditions 
and progress of which have been presented in this report, are given as· 
follows by the United States census:* 
*Bulletin, January 21, 1891, areas of States and Territories, Henry Garnett, geog-
rapher. 
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States and Territo- Gross Water Laml States and Territo- Gross Water Land 
ries. area. surface. surface. riea. area. surface. surface. 
----11--------1----------
Sq. miles. Sq.miles Sq. miles. 
Arizona............. 113, 020 100 112, 920 
Sq. miles. Sq.miles Sq. miles. 
Oklahoma . . . . . • • • . . 39, 030 200 38, 830 
Valifornia . . • • . . . . . . . 158, 360 2, 380 155, 980 Oregon .. . .. .. .. .. .. 64, 343 735 63, 608 
South Dakota...... 77,650 800 76,850 Colorado............. 103, 925 280 103, G45 
Idaho................ 84. !lOO 510 84, 290 Texas.............. 193,920 233 193,687 
Kansas . • . • • • . • • • .. • . 54, 898 95 54, 807 Utah ... .. . . ... •• .. 84,970 2, 780 82, 190 
Montana............. 146, 080 770 145, iHO W asbington . . • • . . . . 42, 028 1, 150 40, 878 
Nebraska. .•••••••. 67,228 168 67,050 Wyoming........... 97,890 315 97,575 
Nevada.............. 110,700 960 109,740 
New Mexico. .. • . .. . . 122, 580 120 122, 460 Total .......... 1, 632, 217 13, 092 1, 621, 013 
North Dakota . ... . .. 70, 795 600 70, 195 
This makes a total area of 1,037,448,320 acres, according to the 
figures of the General Land Office, which does not include Texas, up to 
the 1st of July 1890. 
Total sm·veyed and unsurveyed land open to settleme-nt. 
State or Territory. 
~:f~~-~i~::::: ::::::::::::::::::::::::::::::::::::::: 
Volorado ........................................... .. 
lclahc .............................................. . 
Kansas (west of ninety-seventh meridian) ..•......... 
Montana ............ ' ................................ . 
Nebraska ........................................... . 
Nevada ............................................ . 
New 1fexico ........................................ . 
North Dllkota ...................................... . 
Oklahoma .......................................... .. 
Ore ~Con (east of Uascade:~) ......................... .. 
South Dakota ....................................... . 
Utah .............................................. .. 
Washinp;ton (east of Cascades) ..................... .. 
\Vyoming ........................................... . 
Unsurveyed 









11, 226, 584 











15, 172, 154 
5, 639,893 
43,019,013 
44, 157, 049. 6 
23,488, 373 
16,699, 520 














51, 8~6, 101. tiO • 
11,226,584 
50,804,540 
56, 860, 326 
30,497,400 
3, 694,693 





Total........................................... 253, 972, 142. 46 274, 828, 029. 6 529, 677, 470. 06 
AREAS OF SETTL'F.MEN'IS. 
There are two outside areas not given; these are portions of Texas 
and the Indian Territory, lying west of tl.ie ninety-seventh meridian. A 
moderate estimate oftl.ieir extent will make the total at least 750,000,000 
acres. Within the limits defined as arid, semi-arid, and sub-humid-
all requiring the artificial use and distribution of water in order to in-
sure successful cultivation of the soil-it may be safely estimated that 
there are ot:._ 
Acres. 
Fruit, farm, or ranch lands privately owned, inclosed, or cnltivated .•••. 100,000,000 
Owned b~· railroads as Mexican laud grants, school lands, etc ............ 125,000,000 
Iudtan and military reservations ................... ·----- .......... ---- 50,000,000 
Total •.•••• ·-----··---· •••••••.••••.•••••.••.....•••• -····---· •••. 275,000,000 
GRAND 'l'O~.I'AL OF AREAS RECLAIMABLE OR OTHERWISE. 
A consen·ative estimate of the reclaimable areas west of the 105th 
meridian will be lOO,OOO,UOO acres. For the Great Plains region east-
ward to the 97th meridian as moderate an estiu1ate will g-ive 1 ~0,000,000 
reclaimable acres. The totalmouutt:~J.u area is estimated at 115,000,000 
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acret:; the water surface, exclusive of coast lines, at 9,278,880 acres; 
the desert area will uot exceed 25,000,000 anres, making a total of 
149,278,880 acn•s not now to be considered as in any part reclaimable. 
The pastoral land, bench or tabiC', plains and high plateau, may fdirly 
be estimated at 325,000,000 acrPs. The timber area is conservatively 
stated at 175,000,000 acres. This will give a total of 650,000,000 acres 
as without the present area of reclaimability by irrigation. As our 
knowledge of the problems of water storage and distribution enlarges, 
it is more than probable that a considerable addition will be made from 
the great total of pastoral. desert, and mountain land to that porti011 
of the area of the region which will be brought under cultivation. It 
is difficult to estimate the total of detached sections in which the water 
will be supplied for cultivation purp08('S by natJral sub-irrigatiou, but 
·it certainly can not be less than 25,000,000 acres, most of it lying west 
of thel05th meridian. TheRe figures make a total estimate of reclaimable 
area of not less than 245,000,000 acres, provided that water can be ob-
tained forthat purpose; but, admitting tllatonly three-fifthsofthis total 
can with scientific administration and the closest economy of water be 
reclaimed by the supply in sight or known to be available, we shall still 
have an area, ernbraciug 147,000,000 acres. It will be a large valuation 
which would place the present selling price of these lauds at $3 per acre 
or a total of $441,000,000. At an average cost of about $7 per acre the 
expenditures needed for reclamation for such an area will probably be 
covered. The total will 110t in all probability exceed $I ,000,000,000. 
Tue eYidence gathered by the irrigation it1quiry office warrants the 
statement that ever~· acre so reclaimed will without cultivation be at 
once worth three times as much as the estimated selling price and the 
cost of reclamation, or $30 per acre. A bare statement of snell an esti· 
mate as tllis is sufficient to show tlie enormous possil>ilities im·olvetl in 
tile progress of irrigation, more especially when it is remembered tllat 
this progress must he comparatively slow and that each acre of land 
unreclaimed during it will be increased more or less rapidly in value by 
the areas reclailned. · 
RECLA LMA BILI1'Y BY S'l'A1'ES. 
I quote from a, paper prepared by myself for publication elsewhere, a 
statement estimating the areas available in each of the several political 
divisions into which the arid region is divided. It is sufficientls care-
fully drawn to warrant insertion here after making a few changes: 
Political divisions. 
California .••......•••••..••••...... 
Colorado...... . ..•.......•••.•••.. 





New Mexir,o .••.•••••••.•••••••••••. 
Utah ..•....•••..••••.•••.••••••..•. 
Reclaimable /i Political divisions. I R~laimahle 
byinig,·_1t_io_n_.! l------------1-b_y_i_rr_·ig __ a_ti_on •
.Acres. 
25,000,000 
20, 000, 000 
33,000, 000 
7, 000, 000 
12, 000, coo 
30, 000, 000 
10,000,000 
14, oco, 000 
10,000, 000 
W.vomin_g . _ . . .................... . 
Public land strip ................ .. 
Texas, west of !J7o ................ . 
Oregon and Washington, oast of 
Cascade Rangl'l ................. . 
Kansas, Nebraska, Oklahoma, and 








245, 000, 000 
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In illustration of the growth of the region investigated by this office 
the following talmhu· statement condensed from a bulletin of the United 
States Census Office is given : 
Popztlatiou and the 1·atio8 of increase in the decades of 1860 to 1870, to 1880, to 1890, 
together with estimated arid and semia1·id areas. 




Idaho ...•••..••.......... : ................•...........••..•...•.. 
Kansa~ ~ .••..•.................••.................••...•....•••. 
Montana ...............................•.......•....•......•..... 
Nebl'asku * ................•....................................•. 
Nenttla ...•.....•.........••............ .. ..........•............ 
New Mr.xico ..........•.••.••........................•........••. 
North Dakota ................................•••••.............•. 
South Dakota .•••••.••.....••..........................•......••. 
Oklahoma .......•••...................•.......•........•.•••..... 
Oregon* ......................................................... . 
Texas* .........••.............................••.•.••.........•. 
Utah .......•.•.••..•••••.•....•..•....•............•..••..••..••. 








t 1, 423, 485 
1:n, 769 













40,440 9, 658 
864,694 560, 247 
194, 327 39,864 
32,610 14,999 
996, OU6 364,399 
39,159 20,595 
452,402 122, 9!13 
62, 26H 42,491 
119,565 91,874 
36,909 14,181 98,268 
....... ......... ........... ........... 
174,768 90,923 
1, 591, 749 818,579 
143. 963 86,786 
75; 116 23,955 
20,789 9,118 
Total........... . • • . . • • . . . . • • . . . . . . . . . . • • . . . • . . • • . . • . . . • • . . . 8, 293, 420 4, 945, 120 2, 310,662 










New Mexieo ...... _. 
North Dakota ...... 
South Dakota ....•. 
Oklahoma .••.•••••. 





1880 to 1890. 
Number. l'ercent 
19, 251 47.60 
339,308 39.24 
216,648 IlL 49 
51,019 158.29 
427,389 4!!. 91 
92,610 263.50 
60!, 391 133. 60 
t 17, 9~7 t 28.81 
25,297 21.16 
145,516 39!. 26 
229,580 233. 63 
61, 701 .......... 




39,800 191. ·J5 
Total. . _ ... _ .. 3, 348, 320 ~~ 
Increase from-
1870 to 1880. 1860 to 1870. 
Number. Percent Number Percent 
30,782 318.72 9, 658 
314,447 54. ai 180,253 47.44 
154,403 387.47 5, 587 16.30 
17,611 117.41 14,999 
631,697 173. 35 257, 193 239.91 
18, 564 90.14 20,595 
329,409 267.83 94,152 326.45 
19,775 46.54 35, 643 519.07 
27,691 30.14 1, 642 1. 76 
~ 120, 996 853. 23 9, 344 193.18~ 
.............. 
83,845 92.22 3H, 458 '/3. 30 
773,170 94.45 214,364 il5.48 
57, 177 65. 88 1 46, 513 115.49 
51,161 213. 57 12, 361 106.52 
11,671 128.00 9,118 
------------
2, 632, 359 _ ....... 951, 882 I· .... _ .. 
Proportions in each State 
or Territory. 
Arifl. 
Two-thirds arid and one-
third semi-arid. 
Do. 











and two-fifths ari<l. 
Sub-humid or semi-arid. 
One-third arid and one· 
thud semi-arid. 
One-fourth a rill and one· 
fourth semi arid and sub· 
humid. 
Arid. 
One-third arid, one-third 
Sl.'mi-arid or sub-humid. 
A. rid. 
*Exact figures of the population of the States known as partially arid can not be given, ber.ause the 
Eleventh Ct>n~us bas not yet been completed or publiRhed. The co·Jnty divisions are therefore inac-
cesRible. Esti·n ,ttes have been made from the best data obtainal•lr. of persons within the semi-arid. 
portions as follows: 
KansaEI ..................................................................................... . 
Nebraska .....••••..••••...•....•••...•..•..••....••.••.••.•..••......•.........•...•.....•.. 
Orl .. .${<)11 ................................................................................................................................. . 





1, 000, 000 
140, 000 
Total. ................................................................................. 2,140, 000 
Makin~r the necessary deduction, therefore, from the total estimated population of these States as 
~iven in the nhove table will give a total numher of persons within the arid and somi-arid areas of 
5,048,734. Tlte figt1res for the States not here noted are those of the Eleventh Census. 
t Deoreaee. 
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SOME MARKED CLUl.AT<') OG1C.AL DJFFERENCES. 
A report prepared hy the Uuited States Weather Service on t.he 
()limatolog-y of tlle Arid Region, lJeing now in the Public Printer's 
hands, under a resolution of the House of Representatives, it is not 
11ecessary to discuss that subject here. But the fo1Iowin~ tables, care-
fully collated from the records of the vVeatLer Serrice, aud covering the 
mean of all observations taken at the stations given, are preseuted with 
the view of calling special attention to some of the conditions attend-
ing the summer precipitation. 
The fignres of the weather service observations have been recast) as 
to rainfall, into three periods of four months each, thereby bring-ing· in-
to prominence the amouut of such precipitation at the points named 
during the four principal growing and ripening months. The lines of 
stations given are such as to present in general a uniform set of parellels 
across the westel'n portion of the continent, with the exception of the 
last or No.7, which covers stations as wide apart as Ellens burgh, Wash-
ington and San Diego, California or a range of 41 degrees of longitude. 
lu actual l'elatious to climatic influences such a variability does not ex-
ist, as the coast trend makes tlJe line of stations almost as uniform, 
north and south, a~ is the fact with stations in the tables prec~ding. 
The value of these tables is found in t.heir showing the wide variation 
bi'tween the sum mer supplies of precipitation and moisture in the east-
ern and western llalves of the semiarid and arid region. From 97 de-
grees to 107 degrees the heaviest amount of precipitation recorded is 
found in the four summer months of May, June, July, aud August. 
On the first line of five stations upon or near the Hiuet.y-seventh mer-
idian from Pem lJiua to San Antonio, a stretch of alJout I ,000 miles, the 
a\'erage mean of moisture for those months has been during the period 
of obsen'atious, 14.34 inches per term. The winter and fall periods do 
)JOt show over one-half that average. 
On the second 1ine of six stations upon or near the one Lundred and 
second meridian, ranging from Bismarck to Fort Stockton, a length of 
about 700 llliles, the average mean of summer precipitation is seen to 
be 9.90 inches. The winter and spring terms preserve tLe ratio of about 
one half that average. 
On tLe the third line, or the one hundred and fifth meridian, four 
stations, running north and south from Poplar H.iver to Fort Davis, 
about 750 miles in leng·th, show a sununer mean of 8.50 inches. 
Coming to the one hundred and seventh meridian, with five stations, 
north and south, from Assiniboine to El Paso, alJont the same in mile-
age as the preceding lines, and we have a mean for the four summer 
montbs over this degree of but 6.~5 inches. On these lines the same 
ratio to the summer fall of about one-half is preserved. The average 
aunual mean of these five lines will be as follows: 
Table 'No.-
! ............................................................................. . 
II. ........... ······ ...... ············-············- ............ ···········-·-·· 
![ ....................... ····-·. ·-· ·--·-· ···-·· ·-·-·· ···--· ·-··-· ............. . 








1050 13. 83 
1070 12. 83 
The marked climatolog·ical differences which these little tables show 
bt comes very apparent on examiuation of the remaiuing tllree. In 
that of the one hundred and twelfth meridian, with four stations rang-
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ing north and south from Helena to Phrenix, a distance of about G50 
miles, we find a mean precipitation for the summer period of 4.24 inches 
Eagle Rock, which is embraced in the table, is omitted in calculating 
the average, as its proximity to the Rocky Mountains gives it an ex-
ceptional precipitaton. 
On the line of the one hundred and seventeenth meridian, passing 
east of the Cascade range, we have for four stations and a distance of 
about 750 miles a mean seasonal precipitation of but 2.54 inches. 
The third and last line of this division giveR us thirteen stations over a 
range north and south of about 900 miles, and an average mean of 2.84 
inches. Commencing with table No. V and the period of greatest pre-
cipitation for the year will be found within the months of January, 
February, 1\farcb, and April. This mean and that for the year will be 
as follows: 
Table No.- West )on- mean ram- verage 
I
.A. vera~e .A 
gitude. fall of first annual 
v ............ -.. -................................ -.. -........... - 1120 
VI •••..••••••••••••••••••••••••••••••••.••••..•••••••••••••••.•.. 1170 
VII •••••.•••••••••••••••••••••••••••••••••••••••.•••••••.•••..••. 121oto125o 
*Eagle Rock is omitted. 
. 4 months. mean. 
Inchss. , 





These two remarkable climatic divergences, thus broadly indicated, 
offer a key to many of the problems still unsolved in irrigation econo-
mics. They point strongly to at least these phenomena or their re-
sults, viz: 
That the early melting of snow upon the California Sierra, the Cas-
cade Ra11ge, and upon the northern sections of the Continental Divide 
in Montana and Idaho is due to the influence of the Pacific Ocean, its 
currents, and trade winds. 
That the general or globe movements of the aerial currents which 
bear moisture across our continental interior, and deposit the same as 
rain or snow, is from the northern Arctic circle, moving generally for 
us from northwest to southeast. They are enabled to carry a large 
degree of the moisture they contain 1o the eastern summits of the 
Rockies in consequence of the comparatively low altitude of the north-
western sections of those mountains and of the formations further west 
and nearer to the Pacific coast. The movement east by south of these 
world or passage winds is also facilitated by the great inlet known as 
Puget Sound, and by other coast formations to the northwest .. 
That the regional sources of moisture supply which are found disturb-
ing the regular movement suggested are to be traced (a) to the influence 
of the Gulf of California to the southwest, drawing like a huge funnel 
the ocean moisture and distributing*it, as topographically affected, over 
the adjacent portions of the arid region. (b) To the east and south 
regional precipitation influences are drawn from and affected by the 
Gulf of Mexico. To the northeast and the north (c) there are vastly 
modifying forces drawn from the Great Lakes, and influenced also by 
r,he wide expanses of the new dominion's vast northwest, with its inte-
rior sounds, great lakes, and w1de plains. 
At any rat~ these suggestions are significant enough for considera-
tion. The practical fabt to the irrigator shown by the tables that 
follow is the summer difference in rainfall east and west of the one 
hund1·ed and seventh meridian of west longitude. 
S.Ex.53-9 
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Mean seasonal rainfall, mean nm·mal (sl'asonal) tnnperature, ana elevation& of stations 
named, lying within the sern·ia1·id and a1·icl 1·egion, west of the ninety-seventh me1'idian 
of longitude west of Greenwich and east of the Cascade and Coast Ranges, on the Pacific 
coast. 
I.-On 01' nea1· the ninety-seventh nteridian. 
Mean rainfall. Mean normal temperature. 
1---,----1 Eleva-






























--------1·------- 1 --------- -------------
Inches. Inches. Inches. Inches. Inches. Inches. 
North Dakota ....... Pembina ...•••.... 2.88 13.92 4.40 21.06 ........... ............... 
Do ............... ¥orehead .••...•.. 4.~ H.24 6.28 25.61 ........... 
South Dakot-a ....... . Yankton .......... 5. 76 15.80 5.80 27.84 23.3 62.4 
Kansas . ............. Concordilt ........ 5. 32 13.60 5.88 25.58 ..... ....... ........... . 
Indian Terri tory .... Fort sm .......... 6. 20 15.88 9.44 32.28 43.3 72.6 
Texas ............. San Antonio ...... 8. 56 12.80 9. 92 31.63 55.9 77.2 
II.-On or nem· the one hund1·ed and second meridian. 
North Dakota ..•.... Bismarck ........ . 4.80 11.12 3. 76 19.57 14.6 67.1 
South Dakota ........ Fort Sully ...... . . 3. 20 10.04 2.14 15.81 ............ ............. 
Nebraska• .••........ North Platte ..... . 3.44 11.84 3. 80 111.11 30.7 62.6 
Colorado ......•...... Las Animas ...... 2.56 8.48 2. 24 13.46 ........... ........... . 
Texas ...... . ......... Abilene ......• . ... 6.00 9.';2 8. 24 24.78 ·--· ·-- · ......... .. 
Do ..•••••........ Fort Stockton ... . 2. 76 7.96 8. 20 20.09 .. ............ ............. 
III.-On or near the one hundred and fifth meridian. 
:Montana ............ ·1 Poplar River ..... ·1 
Wyoming ............ Cheyenne . .... . .. . 
Colorado ...... . . . . . . . Denver .......... . 
Texas . . . . . .. . . . . • . . Fort Davis ...... . 
2.081 7.761 2.241 6. 32 6.56 7. 84; 
4. 27 7. 04 3. 15 
1. 95 10.45 6. 87 
1g: ~~ I.-. 29 .. 4 .I ... 56.'o .I 
14. 58 34. 2 61. 0 
17. 71 48. 2 69.3 
IV.-On or near the one hundred and seventh 11Le?'idian . 
Montana ............. Fort .A.ssinniboine. .... f 9.02 3.12 16.32 19.8 55.9 Do .............. . Fort Custer ..•.... 3.24 7.54 2.95 13.64 28.7 59.1 
Colorado ............. Montroile ........ 2. 88 3.48 a. 32 9.34 .......... .......... 
:New Mexico ......•.. Sa.ntaFe ......... 2.49 7.70 4.24 13.94 33.6 59.2 
Texas .....•......... ElPaso ..... . .... 1. 77 5.49 3.61 11.08 49.3 74.4 
V.-On or near the one hund1'ed and twelfth meridian. 
Montana ............ Helena ........... . 52 5.68 3.92 13.89 25.1 55.3 
Idaho ................ Ea.J!le Rock ....... 20.20 17.40 15.40 63.47 ·--···-- ............... 
Utah ................ Sal..t Lake ........ . 7. 24 3.00 5. 48 16.68 34.6 63.6 
Arizona ............. Prescott .......... 5. 88 6.64 4.48 17.06 
Do ..•.•.......... Phoonix .....•..... 2.40 1.44: 3.00 7.38 65.9 78.0 




























Washington ...... ···1 Spokane Falls ... ·1 7. 521 4.4:4: I 7. 561 19.081 32.1 I 68.511,909 Idaho . . .. . . . . .. .. .. . Boise City . . . . .. . . 6. 24 2.56 4. 60 13. 47 35. 5 61. 5 2, 750 
Nevada . . . . . . . . . . . . . Winnemucca . . . . . 3. 80 1. 76 2. 92 8. 00 . • • . . • • . . . • . . . . . 4, 340 
California............ Tehachapi.... . ... 7. 64 .64 2. 72 11.04 . . . . ... . . . • . . . . . 3, 964 
VII .. - Stations near the one hundred and twee1ty-jirst to the one hundred and twenty-fifth 
nteridians. 
Washington ..•..••.. 
Do ...... , ....... . 
Oregon ............. . 
Do ....•••..•..••. 
California ..•••....•. 
Do .............. . 
Do .............. . 
Do .............. . 
Do .............. . 
Do .............. . 
Do ......•.....•.. 
Do .............. . 
Do ............ .. 
Fort Simcoe .••.•. 
Ellensbur~h .•••.. 
Fort Dallas ...... . 
LinkviHe ..•...... 
Berryvale ..•...• . 
Red Bluff . . ....•.. 
Sacramento .••.••. 
Stockton 
Merced .......... . 
Fresno ........... . 
Visalia . ......... . 
Los Angelf>s ..... . 






















































36.0 55.2 ....... . 
49. 9 71. 2 342 






ENGINEERING TABLES AND COMPUTATIONS. 131 
Chief Engineer Erlwin S. Nettleton bas s~nt in a progress report for 
November and December, 1890, with maps, profiles, and observations 
taken by himself and the assistant engineer, Mr. W. W. Follet. These 
latter have not been redrawn to scale and wit.h the engineer's report 
will be transmitted at a later day. 
Accompanying this report are attached, however, progress reports 
from the chief geologist, Prof. Robert Hay, special agents J. W. Greg-
ory, of the central division, (western Kansas, Nebraska, etc.) and Jo-
seph Nirnno, jr., of the northwest division. Mr. Nimno's report covers 
Montana; the balance will be sent in with the final report called for 
under the law. In addition to these the office has been favored with a 
valuable report from Prof. L. G. Carpenter, of the State Agricultural Col-
lege, giving a full statement of irrigation, acres cultivated and under 
ditch, works finished, constructed, and projected. Also papers of value 
from Nevada, prepared by the former United States Surveyor-General, 
1\fr. Irish, 0. E., of Reno, Washoe County, and Mr. Nichols, of the 
State Board of Trade, of .Belmont, Nye Oounty. Professor Hill, assist· 
ant geologist of the Artesian and Underflow Investigation, has fur-
nished an interesting monograph on" The Imbibition of Rocks." Be-
sides these there are attached papers on raisin and currant culture by 
irrigation, "Irrigation in Australia," a summary of conference proceed-
ings had at Melbourne, Victoria, in March, 1890; also a summary of 
ph~·sical data relating to irrigation facts within the States and Territo-
ries west of the ninety-seventh meridian of longitude, with copies of the 
important circulars sent by the Irrigation Inquiry, valuable answers to 
which to the extent of 30 per cent. have been received. These were all 
prepared in this office. I am indebted to Mr. Blaisdell, my engineer ex-
pert, especially for valuable aid, and to all connected for earnest and 
faithful service. 
Following this I attach a series of important tables and formulas, 
carefully proved and revised by Mr. Blaisdell, my engineer expert. 
USEFUL MEMORANDA, TABLES AND ITEMS RELATING TO WATER. 
The chemical composition of pure water is: 
By volume- By weight-
Hydrogen ...••..•...•.•..•. 2 Hydrogen ....••••••...••... 1 
Oxygen . . . . . . . • . . . . . . . . . . . . 1 Oxygen ............. _ . • . . . . 8 
One cubic foot of water at 620 F. = 62.321 pounds; cubic feet in 1 
ton, 2,000 pounds = 32.09. 
One cubic foot at 62 is 427 grains lighter than water at maximum 
rlensity 39.38o, or .976 ounces, or nearly 1 ounce. 
Gallons in a cubic foot= 7.4805; gallons in a cubic yard = 201.9735. 
Weight of 1 gallon at 39.380 = 8.3393 pounds; weight of 1 gallon 
620 = 8.3311 pounds. 
At 39.380 a column of water of 1 square inch base and 12 inches 
high gives .433 pounds pressure. At 620 the same column gives .4328 
pounds pressure . 
.At 39.38° a column of water of 1 square inch base and 2.3084 feet 
(27.711 inches) high gives 1 pomt1d pressure. 
At 62° 2.3105 feet (27.726 inches) height is required to give 1 pound 
pressure. 
One cubic inch of water at 39.38° = .0361 pounds; 1 cubic inch of 
water at u2o = .03606 pounds. 
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One inch of rainfall on 1 acre= 3,630 cubic feet, or 27,154.4: gallons 
= 113.12 tom;. 
One foot, 12 inches, of rainfall on an acre = 43,560 cubic feet, or 
325,852.8 gallons, or J ,357.44 tons. 
One incu of rainfall on 1 square mile, 640 acres,= 2,323,200 cubic 
feet, or 17,378,816 gallons. 
One foot rainfall on 1 square mile= 27,878,400 cubic feet= 208,-
545,792 gallons. 
A MINER'S INCH OF W A'l'ER. 
This is usually estimated in the amount that will :flow through an 
opening 1 inch square, under a head of 6 inches above the upper side 
of opening, this giving a discharge of about 12 United States gal1ons 
per minute. In some parts of California the head is taken at 4 inches 
above upper side of opening which gives a discharge of about 9 gallons 
per minute. 
Fifty miner's inches equal 1 cubic foot per second. 
To ascertain gross power for raising water, multiply the number of 
gallons per minute by the height in feet and divide by 2,000. 
One ton of good ooal or its equivalent in other fuel, will raiso 5,000,000 
gallons of water 20 feet high. 
5,000,000 gallons will cover 100 acres 2~ inches deep, or is equal to 
1 inch of water on 250 acres. 
The speed of a centrifugal pump is found by multiplying the square 
root of the head in feet by 500 and adding 550. This gives the speed 
of the runner in feet per minute at the periphery. 
One acre-foot of water is 43,560 cubic feet, or 1 foot of water 12 
inches deep over 1 square acre. 
SNOW AND ICE. 
Water expands in freezing about one-twelfth of its bulk, or from 1000 
to 1083. 
Specific gravity of ice .•..••..•••...••....•••••••••••.••... 0. 916 Ure. 
'' " " ....•.•.............••••••••••...•••• 0. 918 Miller. 
" " " ·---·················---············· 0.9184A.hel&Blo:xam. 
1,595 cubic inches of water will expand in freezing to 1 cubic foot of 
ice.· 
Pound11. 
One cubic foot of ice weighs ................................ 57.135 Ure. 
" " " '' .••••.••••••••••••••••••••••••. 57.260 Miller. 
" '' " " ·-·-·····-·····--··-·-··-······ 58.632Abel&Bloxam. 
Sound ice, 2 inches thick, will bear the weight of the average man; 
4 inches, a man on horseback; 6 inches, cattle and teams with li~ht 
loads; 8 inches, teams with heavy loads; 10 inches, will sustain a 
pressure of 1,000 pounds per square foot. The ice must be sound, free 
from shakes, cracks, and frozen snow. 
Snow is ten to twelve times lighter than an equal volume of water; 
that is, 1 inch of rainfall will make from 10 to 12 inches of good clear 
crystalline snow. 
Molesworth gives the following relating to snow: 
Specific gravity is 0.0~33; 1 cubic inch of snow= 0.003 pound; 1 
cmbic foot of snow= 5.~ pounds; 1 pound of snow= 332.6 cubic inches; 
1 pound of snow = 0.1923 culJic foot; 1 inch snow fall = 0.433 pounds 
per square foot. 
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The pressure of the atmosphere is 14.73 pounds per square inch at 
the mean level of the sea, the mercurial column standing at 30 inches. 
The atmosphere will balance a column of water 34 feet high. 
Common pumps will lift water by suction about 25 feet. Steam 
pumps will not work wbll with over 18 feet suction. 
Each nom~nal horse-power of boilers requires 1 cubic foot of water 
per hour. 
In calculating horse-power of steam-boilers consider, for tubular 
boilers, 15 square feet of heating surface equivalent to 1 horse-power; 
flue boilers, 12 square feet of hearing surface equivalent to 1 horse-
power; cylinder boilers, 10 square feet of heating surface equivalent 
to 1 horse-power. 
To find the pressure in pounds per square mch of a column of water, 
multiply the heigllt of the column in feet by .434. 
FORMULlE FOR ESTIM.A.'l'ING THE QUANTITY OF WATER RAISED BY 
PUMPING ENGINES AND THE AMOUN'l' OF POWER REQUIRED. 
Q = Quantity of water raised per minute in cubic feet. 
H = Height or lift of pump in feet. 
G = Gallons raised per minute. 
P =Pressure in pounds per square inch due to the head or lift H, as 
indicated by the water-pressure gauge. 
lP= Nominal horse-power or the power required to lift 33,000 pounds 
1 foot high in 1 minute. 
D =Diameter of pumping cylinder in inches. 
S = Length of stroke of the piston in inches. 
Formuhe for finding the quantity of water thrown at each stroke of 
the piston of a pump. 
O.i854 X D~s =Total cubic inches displaced. 
0.0034 X D2S = United States gallons. 
0.0004545 X D2S =Cubic feet. 
0.02832 X D2S =Pounds of water 620 F. 





IP = 0.00189 Q H 
IP = 0.00436 Q P 
The actual horse-power required to raise water is placed by some 
authors from 60 to 80 per cent. over the nominal. 
If the dimensions are taken in feet and the coefficients modified ac-
cordingly, these forrnuloo are applicable to the estimation of the capacity 
of standpipes, cisterns, boilers, and all straight cylinders with circular 
sections. 
In these forrnuloo let H =the height of the standpipe, depth of the 
cistern, length of the boiler or water pipe in feet. All other dimensions 
to be in feet. 
0.7854 X D~H =Cubic feet. 
5.8748 X D2H =Gallons. 
41:;.947 X D11H =Pounds of water. 
0.02447 X D!ZH = Tons of 2,000 pounds each. 
That is, square the diameter of the given cylinder, multiply it by the 
length, and this product by the given coefficient, and the result in each 
case will be in terms as stated in the formula. 
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Table giving the United States gallons tn the nuntbm· of cubic feet shown in the left-hand 
columns. 
Cubic feet. Gallons. Cubic feet. Gallons. Cubiofeet. Gallons. 
I 
0.1 0.75 50 374.0 8, 000 59,844.1 
0.2 1. 50 60 448.8 9,000 67,324.6 
0.3 2.24 70 523.6 10,000 74,805.2 
0.4 2.99 80 598.4 20,000 149,610.4 
0.5 3. 74 90 673.2 30,000 224,415.6 
0.6 4.49 100 748.0 40,000 299,220.7 
0.7 5. 24 200 1, 496.1 50,000 374,025.9 
0.8 5.98 300 2, 244.1 60,000 448.831.1 
0.9 6. 73 400 2, 992.2 70,000 523,636.3 
1 7.48 500 3, 740.2 80,000 598,441.5 
2 14.9 600 4,488.3 90,000 673,246.7 
3 22.4 700 5, 236.3 100,000 748,051.9 
4 29.9 800 5,984. 4 200,000 1, 496, 103. 8 
5 37.4 900 6, 732.4 soo, 000 2, 244, 155. 7 
6 44.9 1, 000 7,480. 0 400,000 2, 992, 207. 6 
7 52.4 2,000 U,961.0 500,000 3, 740, 259. 5 
8 59.8 3,000 22,441.5 600,000 4, 488, 311. 4 
9 67.3 4,000 29,922.0 700,000 5, 236, 363. 3 
10 74.8 5,000 37,402.6 800,000 5, 984, 415. 2 
20 149.6 6, 000 44,883.1 900,000 6, 732,467.1 
30 224.4 7,000 52,363.6 1, 000,000 7, 480, 519. 0 
40 299.2 
From the foregoing table the number of gallons in a given number of 
cubic feet may be computed by simple addition. 
Exmnple. 
How many gallons in 37,629 cubic feet'l 
30,000 •••••••••••••••••••••••••• ---- •••••••••••• 224,415.6 
7' 000 •• - • - ••••••••• - ••••••••••••••••• - - • • . • • • • • 52, 363. 6 
600 • • ••••••••••••••••• - •• -. - • --.-- • -- ••• -.. • 4, 488. 3 
• 20 ••••••••• -- ••• -- ••• --- • - - •••• -- - • - •• -. --. • 149. 6 
9 . -.- ••••• --. -.- •• -.- •••••••• -.- •• - .••• --.. 67. 3 
Gallons.... . . • • • . . • • • • • . . . • • • • • • • • • • . . • • . . • • . . • • . . . . . . 281, 484. 4 
OUBIO MEASURE. 
Inches. ll'eet. Yard. Cubic me-tree. 
1.equ~s ...... .0005788 .000002144 .000016386 
1728. " ......... 1 • .03704 .028315 
46656. .. ......... 27. 1. • 764513 
One cubic foot equals 7.48 United States liquid gallons of 231 cubic 
inches. 
One cubic foot equals .237 48 United States liquid barrel of 31-k gallons. 
One cubic foot equals .803564 United States bushel of 2150.42 cubic 
feet. 
ENGINEERING TABLES AND COMPUTA'fiONS. 
Capacity of cisterns in barrels of United States standm·d, 31i gallons. 
Diameter, in feet. 
Depth. 
5 6 7 8 9 10 11 12 13 
---------------------
Feet. 
5 ..... 23.3 33.6 45.7 59.7 75.5 93.2 112.8 134.3 157.6 
6 ..... 28.0 40.3 54.8 71.7 90.6 111.9 1::15.4 161. 1 189.1 
7 ..... 32.7 47.0 6-l. 0 83.6 105.7 130.6 158.0 lAS.O 220.6 
8 ..... 37.3 53.7 73.1 95.5 120.9 149.2 180.5 214.8 252.1 
9 ..... 42.0 60.4 82.2 107.4 136.0 167.9 203.1 2U.7 283.7 
10 ..... 46.7 67.1 91.4 119.4 151.1 186.5 225.7 268.6 315.2 
11 ..... 51.3 73.9 100.5 131.3 166.2 205.1 248.2 295.4 346.7 
12 ..... 56.0 80.6 109.7 143.2 181.3 223.8 270.8 322.3 378.2 
13 .. --- 60.7 87.3 118.8 155.2 196.4 242.4 293.4 349.1 409.7 
14 ..... 65.3 94.0 127.9 167.1 211.5 261.1 315.9 370.0 441.3 
15.---- 70.0 100.7 137.1 179.0 226.6 219.8 338.5 402.8 472.8 
16 ..... 74.7 107.4 146.2 191.0 241.7 298.4 361.1 429.7 504.3 
17 ..... 79.3 114.1 155.4 202.9 256.8 317.0 383.6 456.6 535.8 
18 .. --. 84.0 120.9 164.5 214.8 272.0 335.7 406.2 483.4 567.3 
19 ..... 88.7 127.6 1T3. 6 226.8 287.0 354.3 428.8 510.3 598.9 
20 ..... 93.3 134.3 182.8 238.7 302.1 373.0 451.3 537.1 630.4 
Diameter of a circle multiplied by 3.1416 equals circumference. 



















Square of diameter multiplied by .7854 equals area. 
Cube of diameter of sphere multiplied by .5236 equals solidity. 
Doubling the diameter of a pipe increases its capacity four times. 





















The following table shows the quantity in cubic feet and gallons, 
per acre, from one-tenth to 1 inch rainfall: 
lnep~hof Per acre. Per acre. Dep~h of Per acre. Per acre. ram. ram. 
--~ ---------------
Inch. Oubicfeet. Gallons. Inches. Oubicfeet. Gallom. 
0.1 .. ---- 363 2,262 0.6 ...... 2,178 13,573 
.2 •••••• 7:l6 4, 52<1 .7 ...... 2,541 15,830 
·:3 ...... 1,089 6, 787 . 8 ...... 2, 904 18,098 
·.4 ...... 1,452 9, 046 .9 ...... 3, 267 20,360 
.5 ...... 1, 815 11,311 1 ....... 3, 630 22,622 
LONG MEASURE. 



























































A palm equals 3 inches. 
A span equals 9 inches. 
A hand equals 4 inches. 
A cable's length equals 120 fathoms. 
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SURVEYING MEASURE (LINEAL). 
Inches. Links. Feet. Yards. Chaine. Mile. French meter. 
1 eqr:-~Is 0.126 0.0833 0. 0278 0.00126 0.0000158 o. 0254 
7.92 1. .66 .22 .01 .000125 .2012 
12 " 1.515 1 .333 .01515 .000189 .3048 
36 .. . 4.545 3 1 .04545 .000568 .9144 
792 " 100 66 22 1 .0125 20.116 
63,360 .. 8,000 6,280 1, 760 80 1 1,609.315 
One knot or geographical mile equals 6,086.07 feet or 1,855.11 meters orl.1526 statut6 
miles. 
AVOIRDUPOIS WEIGHT. 
The standard avoirdupois pound is the weight of 27.5015 cubic inches 
of distilled water, weighed in the air, at 30.830 Fahr., barometer at 30 
inches; 27.343 grains equals 1 drachm. 
Drachma. Ounces. Pounds. Quarters. Cwts. Ton. French grams. 
1 equals ....... 0.0625 0. 0039 0.000139 0. 000035 o. 00000174 1. 771846 
16 " ............ 1 .0625 • 00223 .000558 .000028 28.34954 
256 .. ........ 16 1 .0357 .00893 • 000447 454.59 
7,168 " .......... 448 28 1 .25 • 0125 12,700 
28,672 .. ............. 1, 792 112 4 1 .05 50,802 
573,440 " 35,840 2,240 80 20 1 1,016, 048 . 
.A. stone equals 14 pounds. 
A quintal equals 100 pounds. 
7,000 grains equals 1 avoirdupois pound or 1.21528 troy pounds. 
5,760 grains equals 1 troy pound or 0.82285 avoirdupois pound. 
Inches. 
1 equals .... . 
144 " ... .. 
1,296 " .... . 
39,204 .. .. ••. 
1, 568,160 .. . •••• 





































100 square feet equals 1 square. 
1 square mile equals 27,87.8,400 square feet, or 3,097,600 square yards, or 640 acres. 
A section ofland is t' mile squ~re and contains 640 acres. 
A square acre is 208.71 feet at each side, or 220X198. A circular acre is 235.504 
feet in diameter. · 
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PROGRESS REPORT OF ARTESIAN AND UNDERFLOW 
INVESTIGATION. 
BY RoBERT HAY, Chief Geologist.* 
INTRODUCTORY. 
Summoned to Washington on the 11th of October I reached there 
on the 15th, was commissioned and instructed, and on my way to N e-
braska on the 20th of the same month. At Lincoln I conferred with 
Prof. L. E. Hicks, the State geologist, who had assisted in our brief 
investigation last spring. Thence I proceeded to Culbertson, and 
Benkieman on the Republican River, making those places headquar-
ters while examining the water supply of the main valley and those of 
important.affiuents on both sides of the Republican. Thence I exam-
ined the country across the watershed to the South and North Platte 
Rivers and returned to the Republican Valley through the northeastern 
counties of Colorado. Thence I went to McCook and then south into 
Kansas. At all points I had conferences with citizens interested in 
the work of irrigation and water supply and was enabled to give and 
to obtain valuable information. For 300 miles of the overland trip I 
had the company of Judge J. W. Gregory, and the companionship was, 
I believe, mutually beneficial and to the advantage of the investigation. 
At Julesburg, Colorado, we were delayed two days by a fall of snow; so 
when a second snowstorm caught me on November 16, at Norton, Kan-
sas, I judged that it would be best to go into office quarters and make 
the studies of notes necessary for this report before proceeding south· 
west, where the weather on the plains is usually good enough to allow 
considerable field work to be done during the winter. 
THE WORK OF ASSIS'l'ANT GEOLOGIST ROBERT HILL. 
'l'be field investigation has been fortunate in obtaining the services 
for work ir~ the Southwest of Prof. Robert Hill, of Texas, who has 
made the water-bearing strata an important part of his geologic studies. 
Quite recently he bas made an exhaustive report on the artesian possi-
bilities about El Paso, at the instance of the municipal council of that 
city, and this gives important data as to conditions not only in Texas 
but far into New Mexico. Commencing work ·in the third week of 
October, Professor Hill has made observations on the artesian areas of 
Fort Worth, Waco, and Dallas, which, combined with his former knowl-
edge, practically completes the field work in those localities and enables 
important deductions as to the position of water-bearing strata to be 
*The progress report of the chief engineer, Edwin S. Nettleton, was received too 
late to prepare the maps and profiles accompanying it in time for this report. It 
will be sent in later. 
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made elsewhere. ln Oklahoma. and neighboring p!uts of the Indian 
Territory, Professor Hill has connected with my own observations, for-
merly made from southern Kansas near the eastern limit of the district 
to be investigated. He has also provisionally divided the area to be 
examined into convenient hydrographic and geologic districts, so that 
future work will be done efficiently :md economically. From a detailed 
report of his work received November 30, I extract the following: 
* * * The new well at Fort Worth is situated on the high hill in the southern 
part of the city, and has been bored over 1,000 feet, or some 400 feet deeper than any 
of the Fort ·worth wells, which have averaged from 300 to fiOO feet rleep, and yielded 
only a moderate amonnt of water. At 980 feet the new well struck a new and better 
flow, aggregating :~oo,noo gallons per day, and of a mnch better quality. 
The source of this water is the lowest bed of the Trinity sands, which had not be-
fore been penetrated at Fort ·worth, and, with the evidence from the Waco and Austin 
wells, demonstrates the existence of several water-bearing strata at the base of the 
lower cretaceous series underlying the Grand Prairie region of Texas, and proves that 
each set of strata yields a different volume and quality of water. These basal strata 
are separated by limestone layers, and. aggregate from 250 to 500 feet in thickness, as 
seen in the geologic section exposed. between Millsop and Weatherford. 
Uf a district west of Fort Worth, in the Brazos, Palury, and Squaw 
Valleys, Mr. Hill says: 
* * * The region is subject to serious droughts, and the average yield is small-
from one-qnarter to one-half bale of cotton per acre. Yet most of this superb flow of 
water is not ut.ilized for irrigation, because the methods and benefits of irrigation 
are not understood. 
A few farmers, however, have obtained good results from irrigation. Mr. William 
Lanham, who lives 6 miles west of Glenrose, has an 8-inch well which flows about 
400,000 _gallons per day. With this he irrigates abundantly 30 acres of land, utilizing 
the water only a few days in the year. Although he came to Texas from more humid 
regions, an<l had never before seen irrigation, his success has been great. He has 
confined his efforts to the least profitable irrigable crops (corn, cotton, and Louisiana 
sugar cane), and bas never manured his land. The following table;, shows his success 
in a striking manner: 
Averag;e Yield of same land irri· 
yield with· gated. 
out irriga- 1----;----:---
tion. 1888. 1889. 1890. 
--------------------1·----1---------
Corn ................................................... bushels.. 25 75 
Seed cotton ............................................ pounds . . 250 to 500 2,200 





'· 000 350 
Several other experiments in irrigation in the same neighborhood have met with 
equally successful results. No one bas irrigated alfalfa, clover, small grains, or small 
fruit,-,, which are most susceptible to profitable irrigation. 
At Palney village, 10 miles west, were two irrigated farms npon which cotton was 
growing 2 bales to an acre. 
In general, however, the waste of this water is most unfortunate, for if properly 
used it would be of priceless value to the agricultural interests of Texas. 
The facts stated iu the last paragraph by Professor Hill are repeated 
in Kansas, Nebraska, andelsewherein the plains region, and show at once 
the necessity of a thorough inYestigation and the great utility that may 
be expected from a publication of results. How definite results may 
be obtained by an investigator of e)(perience is illustrated in further 
extracts from Professor Hill : 
Concerning the artesian conditions of the Grand and Black Prairie regions of Texas 
the following rules can now be formulated with a remarkable degree of certainty: 
(1) Artesian wells are obtainable in any locality where altitude is less than 750 
(700 Y) feet above mean sea level. 
(2) Wells can be obtained on all the uplands east of the junction of the Black and. 
Grand Prairies and throughout the Lower Cross Timbers. 
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(3) Wells can be obtained in the valleys only west of the above line. 
(4) The nepth of wells decrea es at about 50 feet per mile to the westward and 
increases at the same rate to the eaf'!tward. 
(5) There are at. lea:;t two principal water-bearing strata, some 250 feet apart, and 
often others, all differing in volume and quality. 'l'he lower one is usually the best 
and greatest. · 
THE COB1' OF IRRIGATION METHODS. 
In this investigation the question of the cost of putting water on the 
land, whether by ditches from the surface or underflow~ or from arte-
sian wells or by pumps or water· lifts, is one of the greatest importance 
to the beginners in irrigation. I understand that it will receive full 
attention from the engineers of the Department. It is mentioned here 
to say that there are scattered over the plains examples of individuals 
tryiug to work out their own salvation from drought by irrigating by 
methods within their reach. Some of these cases have come under the 
notice of the writer, and are as strikingly successful as those given 
above from Texas: 
1. In 1873 Mr. George Allaman settled on lands of the Smoky Hill 
River bottom, a little above Fort Wallace, Kans. He duly proved up 
his homestead, and iu his statement of improvements on the land de-
scribed a ditch into which be took the first surface water of the river. 
He bas sold vegetables to the fort and the town ever since, and has 
raised alfalfa and other forage in the driest of years, and has been al-
ways successful. 
2. Two miles below Culbertson, on the Republican River, in Nebraska, 
a Mr. Gessleman, 3 years ago, put in a water elevator to irrigate 3 
acres of land. The machine is simply a series of boxes, forming a chain 
like a grain elevator, and there are ten of these chains moving about a 
common axis, and the power. is supplied from a common horse gin. 
The source of the water is a spring-fed bayou, in the side of which a 
box is placed, into which the series of elevators dip. A sufficiency of 
water for the 3 acres was raised by two bors~s this last season without 
storage, and besides onions, cabbage, and other vegetables the owner 
marketed 2,000 quarts of strawberries at 20 cents a quart. ~rhus in dry 
seasons, for the rest of the farm, a few acres saved it from making the 
owner poor. In this case water was raised 12 feet. It could be as easily 
raised a few feet higher on neigh boring land and a much larger area 
irrigated. The cost with horses is perhaps relatively high, but farmers 
usually have horses that are ofteu hlle. 
3. Above Benklcman, in Nebraska, a spring-fed creek (Horse Oreek), 
just where it enters the Republican valley, is very slightly dammed, and 
its water taken in a pipe under the railway to irrigate about 12 acres of 
a farm occupied by Mr. Nisbet. Four acres of cabhages, each from 15 
to 25 pounds weigllt, 3 acres of fine potatoes, 8 bushels to the acre, and 
sundry fruit trPes and vegetables in proportion show the power of the 
soil of that valley under proper conditions. 
4. In the Prairie Dog Valley of Decatur County, Kans., 10 years ago, 
a dam was built and a mill race constructed. This raised the water 
about 8 feet, and ever since then land contiguous to the mill pond and 
race has by the seepage of both been made productive in the driest 
years. A farmer seeing this has built a dam a quarter of a mile below 
and similarly influenced 32 acres of land, and this fall has built another 
dam to bring uuder similar conditions 40 acres more. Iu the neighbor-
hood this is called sub-irrigation, though it is not what is usuallJ so 
designated. A small tract has been similarly treated in the valley of 
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the Sappa, in the same county, near Oberlin. It is not improbable that 
numerous small areas, aggregating altogether a large amount of sur-
face, may thus be made fertile in the sanely alluvia of many Western 
valleys. 
The character of the alluvia should be first examined or this simple 
method of using water may be a failure. 
There are cases where small areas have been irrigated by water 
pumped from deep wells on high prairie land, as ~t. Imperial, Chase 
County, Nebr., and it seems probable that areas of from 5 to 15 or 20 
acres on a large number of farms could in this way be irrigated by 
means of wind pumps or horse-power. One well 240 feet deep with a 
small pump gave water, which we measured at the rate of 90 gallons per 
hour with a moderate breeze. By a storage tank this well with a 
somewhat larger pump could irrigate 10 acres. 
At Dodge City ayd Hartlanu on the Arkansas, in Kansas, and also 
above Ogalalla on the Platte, in Nebraska, the su,bflow of those river 
valleys has been tapped and is being led out into lengthy ditches for 
irrigation. The underflow of the Big Sandy is to be utilized at an 
early date in the same way in eastern Colorado. There are large 
schemes for hundreds of miles of uitches for the utilization both of sur-
face waters and underflow which will in time make fruitful large areas of 
ths subarid plains. But the w.riter believes that the small attempts at 
irrigation from artesian wells, as in the Dakotas and Meade County, 
Kaus., and as before mentioned in Texas, from small streams and springs 
as described above, and by pumping from wells, as previously indi-
cated, will be the first means to bring irrigation largely into use on the 
plaius away from the great rivers. These things can be made or used 
at small cost on acres sufficiently large on each farm to save the farm 
from ruin in the driest seasons. The examples now in existence can 
be brought to th~ notice of others, anu their methods numerously 
imitated before the larger schemes can be in operation. In this way 
the hundred~ of farmers may get over the first difficulty of irrigation 
and multitudes of small cases become demonstrators of the fertility of 
the plains. 
RIVERS OF THE PLAINS .AND MOUN1'.AINS IN CONNECTION WITH 
IRRIGATION. 
The question as to the sources and quantity of water available for 
irrigation in the plains region is the one which the geologists of this 
investigation are mainly concerned to answer. The artesian supplies 
in the Dakotas and elsewhere bas had some notice in the preliminary 
report of last summer's work. It will have more exhaustive treatment 
at a later date. 'I'he examination of more apparent supplies of water 
can be referred to here so far as to show the methods of investigation. 
If the area between the Niobrara of Nebraska to the Red River of 
Texas be called the mid·plains region, an examination of the map 
will show that a very important fact groups the rivers of the mid-
plains in two classes: 
(1) Hivers whose origin is in the mountains. 
(2) Rivers whose origin as well as course are in the plains. 
The first rivers have their headwaters as mountain torrents made 
cold and plentiful by the mP.lting of the snows anu the abundant rains 
of the lligh Hockies. The riYers of the second class have their first 
ch~nnels merely as shallow sandy or gravelly depressions in a rolling 
prairie with rarely any water to show. Reaching a certain depth 01 
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rather cutting through a certain deposit these stream bed~ have water 
thenceforward. The Republican has no permanently running water west 
of the one hundred and third meridian. Smoky Hill only shows water east 
of the one hundred and second. Long affiuents like the Prairie Dog and 
Saline only cut to their water base about the one hundred and first de-
gree. 
The source of the waters of the rivers of the plains is the rainfall of 
the region. The soil and especially the alluvial debris of the dry ar-
royos is very absorptive, so the. waters find their way down into the 
sands and gravels of the water courses, and, slowly percolating, issue 
as isolated springs, or those numerously supplying waters for the lower 
stream courses. 
If the streams and underflow of the rivers of the first class, as the 
Platte and the Arkansas, are sufficient for the irrigation of the land on 
each side of their valleys a glance at the map will show that large 
areas of the plains region if irrigated must be furnished by supplies 
obtained on the plains themselves, from the plains rivers, and the sheet 
water or underflow of the interfluvial high prairie. 
THE UNDERFLOW. 
It is believed that this irrigation will show whether the term under-
flow is justly applicable to waters generally on the plains or must be 
restricted to the larger river valleys. One fact is already well deter-
mined, viz: That the water in the wells of the "divides" or plateaus be-
tween the longer affluents of the rivers of the plains is obtained at a 
nearly uniform depth for each divide, but very various for the different 
divides. The plateau north of the Frenchman, in Chase County, 
Nebr., has wells over 100 feet deep near the Colorado line and increas-
ing gradually to 300 eastward. The divide south of the Frenchman 
has the wells from 2-!0 feet down decreasing southward. The high 
prairie of .Meade County, Kans., has wells from 150 to 180 feet for 
long distances. Further west the wells increase to 80 feet. Careful 
observations with engineering instruments will show what relation 
these de1>ths have to the neighboring water courses and whether the 
water under the plateaus is in a succession of reservoirs whose over-
flows are the springs and rivers of the region, or whether it may be 
called an underflow or a series of underflows. The facts already col-
lected warrant the expression of the opinion that the water is found 
in the same formation from the Niobrara to the Cimarron and that no 
water from the mid-plains comes from the Rocky Mountains except 
that in the beds and valleys of the rivers of the first class. 
If the time of the investigation allows it is proposed to treat the riv-
ers of the plains (second class) in an exhaustive manner as to the source 
and quantity of their waters and their relation to the waters beneath 
the interfluvial plains. The treatment would be in groups about thus: 
1. The Loup Rivers' group, in Nebraska. 
2. The Republican group. 
3. The Smoky llill group. 
4. The Cimarron group. 
5. The Red River and Pecos group. 
Conditions similar to those in some of these groups are believed to 
exist in regions far to the southwest and this to be verified or other con-
ditions noted. To fully work out the investigations suggested and more 
completely to define the artesian basins of the Dakotas, Montana, and 
Wyoming are the tasks before the geologists engaged on the work. As 
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one method toward8 its accomplishment it is intended to survey certain' 
selected meridional lines showing the relative elevations of higb prai-
ries, river valleys, and underlying wate: s; to give the topographic pro-
file and the g·eologic section indicating the water bearing compound 
rocks with their outcrop and other relations. Conference with my 
colleague, Colonel Nettleton, the chief engineer, has been had on this 
point~ and we believe that by our joint work such a presentation of the 
sources of the water supply of the plains as will secure large benefit 
to agriculturists as well as to the capitalists and engineers, who, with 
this information, will be able to reduce large areas of the now lonely 
wilderness to the conditions necessary for the best development of man. 
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PROGRESS REPORT OF CENTRAL DIVISION OF THE 
GREAT PLAINS. 
BY J. W. GREGORY, 
Special Agent, .A.rtesia'n and UnderjWw Investigatitm. 
Among the instructions received I note the following: 
By or before· the 1st day of January, 1891, you will forward to this Department 
your written progress report on the general subject, as seen and understood by yon, 
of said underflow and artesian waters. 
In accordance with such instruction I would respectfully report as 
follows: 
At times alone, and at others in company with Col. E. S. Nettleton, 
Chief Engineer of the United States Irrigation Investigation, and with 
Prof. Robert Hay, Chief Geologist, I have made personal examination 
of various portions of western Nebraska, western Kansas, aud eastern 
Colorado, supplementing, as far as practicable, the information gained 
in the artesian wells investigation from April to July last. 
PHYSICAL CONDITIONS OF THE DIVISION. 
The field assigned, me, embracing the middle portion of the Great 
Plains, is a region not only wide in extent, but, as investigations show, 
also rich in possibilities. .As to surface, it consists of a number of more 
or less distinct drainage areas, varying in size a.nd irregular in outline; 
but, for the most speedy, thorough, and economical employment of irri-
gation neither the whole nor any part is an excided or indepen<len t area, 
but each and all constitute simply a part of a complex, interlocking and 
interdependent system, whose western bound is the crest of the Rocky 
Mountains, its southern the Rio Grande and the Gulf, its eastern the 
Missouri, and its northern, in part at least, '3xtraterritorial. 
METHODS OF INVESTIGATION. 
The method employed in the investigation is to study the extent aml 
peculiarities of the various drainage areas, noting the superficial char-
acteristics which not only often indicate quite clearly the quantity of 
the subwater supply, but so largely affect the methods and economy 
of procurement and utilization of the same for irrigating purposes. 
With these are noted and synthetized the facts drawn from a careful 
study of springs and spring-fed strP.ams, of erosion and outcrop of geo-
logical formations, and of the depths, capacities, and stratifications de-
veloped by th~ wells in the territory defined. 
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At two places in the valley of the Arkansas River and at a like 
number in the Platte Valley in southern Nebraska, "fountains"* con-
structed to tap the underflowing waters of those valleys are producing 
very satisfactory results by bringing large quantities of water to the 
~:mrface. These have been producing water to such an extent, and for 
such a length of time, accompanied by such indications ofpermanency 
of snpply that there is reason to hope for most extensive benefits from 
this method of obtaining water for irrigation in favored localities. 
Excepting the foregoing specific developments, and, further, the 
artesian wells, used for irrigation in Meade County, Kansas, described 
in my report in the artesian wens investigation (which wells have been 
somewhat increased in number, with indications of a slight decrease in 
flow), but little more than outlines and generalizations can be given at 
the present stage of investigation. A careful study, however, of the 
surface characteristics of the Plains country, its valleys and" divides," 
its ''draws" and their outcrops, its springs, sand beds, streams, and 
pools, together with an intelligent consideration of the facts to be 
drawn from a knowledge of the wells and borings made by private en-
terprise throughout the region, show forth its subterranean aqueous 
resources as clearly and with as much certainty as a man's character 
may be judged from his face and an intimate acquaintance with his 
daily conduct, and I have learned to detect with readiness man~· im-
portant facts concerning the invisible irrigation resource~:; of any por-
tion of the plains; yet there are as many modifiers of such surface indi-
cations as then~ may be of the opinion of an individual, which one may 
form at first sight. So every new experience, in such an investigation 
as the present one, is, to a greater or less extent, a modifier of opinion 
and a teacher of caution. But, to the present time, all the facts I have 
been able to gather, in this inquiry, have but confirmed the opinion ex-
pressed in my previous report, already referred to, that the subterra-
nean waters of this portion of the Great Plains constitute a sufficient 
factor to solve the problem of the entire reclamation of this region to 
agricultural occupancy. 
Frankly acknowledging the possession of an earnest hope that such 
may be the case, and that the fact may soon be made clear that the 
irrigation resources of the plains may be sufficient to completely pro-
tect them from the uncertainties and losses incident even to partial 
aridity, and being aware of the bias such desire may: be expected to 
cause in the formation of opinion, I have taken great pains to regard 
only established and mathematically demonstrated facts in arriving 
at the conclusions expressed, and believe that I neither have made nor 
shall make any statement concerning the same which the near future 
will not fully justify and confirm. Upon filing my final report I expect to 
incorporate therein valuable proofs of the correctness of the conclusions 
herein and heretofore stated. There is great e.mbarrassment, however, 
in the fact that, while so wide a field ought to be studied to show such 
results as will be conclusive even as to any single part, the time and 
facilities allotted to the work are so scant that there is little room for 
expectation that the investigator will do credit either to himself or to the 
work under his hand. 
*The Chief Engineer, after consultation, and with the approval of Department and 
this office (Irrigation Inquiry), has decided to use the term "sub-canal" to express 
the character of the excavations made in the valley sand stratum. They are open 
cuts run westward with plane of the river seepage, and supplied with water by that 
natural process. 
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PROGRESS OF IRRIGATION IN THE NORTHWEST. 
MONTANA, IDAHO, EASTERN WASHINGTON, AND OREGON, IN 1890. 
By JOSEPH w. NIMMO, JR., 
Special agent for Montana, Idaho, Eastern Washi1tgton, and Oregon. 
After Mr. Nimmo's appointment as special agent in connection with 
the Irrigation Inquiry Office, he was assigned to an investigation of 
western Montana, Idaho, and of Oregon and Washington east of the 
Cascade range. The following report, dated Spokane Falls, Wash., 
December 30, 1890, has been received: 
MILES CITY, MON'I.'. 
'fhe chief irrigating work in the vicinity of Miles City is the 'rongue 
River Canal, constructed and operated by the Miles City Irrigating 
Company, of which Mr. George Scheetz is engineer. This ditch is now 
22 miles loug, having been extended 9 miles since the Senate commit· 
tee visited this place in 1889. The entire work has also been improved. 
It has yet to be extended o miles, which will make the total length 28 
miles. The prism of this ditch is 28 feet wide on top, 20 feet on the 
bottom, and 4 feet deep. It carries 3 feet of water; the grade of the 
ditch in its upper portion is 4 feet to the mile, giving a flow of about 2 
miles an hour. The grade of the lower part of the canal is 2 teet to the 
mile, giving a flow of about 1 mile an hour. This canal is not puddled, 
and the soil is of such a nature that it holds water very well. About 
10 miles from the town there is a distributing reservoir containing 
about 5 acres, with a depth of 6 feet. Five feet of water can he drawn 
from the reservoir. The Tongue River rises in the Big Horn Mountains, 
and the flow of water is sufficient during the summer q1onths to supply 
all the water " covered" by the canal. In this conne~tion I would re-
mark that the expression " land covered by a ditch or canal" is gen-
erally understood to mean the land which could be served with water 
by such a ditch or canal provided the <litch or canal carried sufficient 
water to irrigate the whole. Such lands are said to be" under ditch." 
It. appears advisable to follow the terminology of the country. The 
ditch of the Miles City Irrigating Company covers 30,000 acres of land 
of which about 15,000 acres are now irrigated. The crops raised on 
these lands are wheat, oats, a small v~riety of corn, known as squaw 




Beside the large Tongut River ditch first described, there are three 
other ditches on that river ranging from 2~ to 4 miles in length. 
On Ottar Creek there are two ditches, one 32- and the other 4t miles 
in length. 
On the Rosebud River there are now 15 ditches, irrigating from 200 
to 800 acres each. About one-third of these works have been con-
structed since the visit of the Senate committee in the year 1889. 
At Rosebud Station there is a ditch 5 feet wide on the bottom and U 
feet deep, which is supplied with water from the Yellowstone ;River by 
means of a steam vacuum or Bufner pump, having a capacity of ~,000 
gallons of water per minute. The smaller ditches of this section gen 
erally have a grade of 1 foot to 1,000 feet or 5.28 feet to the mile. It 
is found that the shallower ditches are less liable to scour than the 
deeper ditches. 
The market for all the farm produce of the Yellowstone country is 
local, and besitles, large supplies are shipped in from the Eastern 
States. This is essentially a cattle-raising country, but the range 
cattle business is · becoming more and more allied to farming. Stock-
men now come into Miles Uity even from a distance of 150 miles for 
horse feed. Sheep raising is increasing faster in this valley than that 
of cattle. 
In Colorado the irrigating season is reported to be from April 20 to 
October 1, whereas here it is only from May 1 to October 1. 
By an inch of water is here meant the quantity of water which will 
flow through an inch square orifice under a 6-inch pressure. Th~ peo-
ple along this portion of the Yellowstone Valley are very anxious for 
the extension of irrigating works, as the development of the country is 
entirely dependent upon irrigation. Nothing of importance has been 
done in Dawson County in the constr\lction of ditches since the visit of 
the Senate Committee in 1889. 
ARTESIAN WELLS AT MILES CITY. 
Mr. T. J. Porter, of Miles City, has described for me the artesian wells 
of Miles City, as follows: 
I can now from my own knowledge connt twenty flowing wells. Some of them fur-
nish water to irrigate 2 or 3 acres of truck-farming land; others furnish sufficient only 
for domestic use for two or three families. Most of these wells cost from $1.50 to $2 
per foot, including tubmg for the entire depth; however, through the improvement 
of machinery for drilling and the reduction of the cost of labor, such wells can now 
be -put down, with tube and everything complete, tor from $l to $1.25 per foot. If the 
well is cased with good iron tubing, having in it a rubber joint just above the stratum 
in which the water is found in order to keep the water from coming up on the outside 
of the casing, there is but slight diminution in the flow of the wells at any time. The 
oldest of these wells were put down in 1884 and 1885. 
·Mr. T. J. Porter also informs me that the flowing artesian wells of 
Miles City have a depth of from 450 to 500 feet. The water in them 
would rise to 12 to 18 feet above the surface of the valley. These wells 
are all on the south side of the river. Mr. Porter mentions the remark-
able fact that on the north side of the Yellowstone River, opposite Miles 
City, there is an artesian well having a depth of only 160 feet which 
raises water about 30 feet above the surface and yields about four or 
five times as much water as any well on the south side . . 
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ARABLE LANDS SITUATED BETWEEN THE MAIN DIVIDE OF THE 
ROCKIES ON THE WEST AND THE BIG BELT AND SNOW MOUNTAINS 
ON THE EAST. 
The area here referred to comprises three large and fertile valleys, 
viz, the Gallatin, the Madison, and the Lewis and Olark or Prickly Pear. 
The largest of these is the Gallatin Valley. Bozeman is the commercial 
center of Gallatin County. Here irrigation is appirently more ad-
vanced t~tan in any other county of the State, although this county is 
more elevated than any other irrigated portion of Montana. The total 
area of the Gallatin and Madison Valleys is given at 345,600 acres, the 
dimensions thereof being an average length of 30 miles and a width of 
18 miles. It was stated that there are about 75.000 acres of la.nd 
''under ditch" in Gallatin County, of which about one-half is actually 
irrigated. Since the visit of the Senate committee in 1889 there have 
been two large ditches taken out in this valley. One of these is 20 
feet wide at the bottom, 18 inches deep, and nearly 13 miles in length. 
The other is the West Gallatin Ditch, about 3H miles in length and 
diminishing in width from 24 feet at its head to 15 feet at its lower end. 
It is expected to serve 501000 acres of land, almost all of which is now 
owned by the Govenment or the Northern Pacific Railroad Company. 
This latter work is attracting much attention. The president of the 
company, Mr. Henry Altenbrand, of Brooklyn, has engaged in this 
work as a source of barley supply on account of the recent increase in 
the dut.y on imported bar1ey from 10 to 30 cents a bushel. He·declares 
that there is no barley in the world superior to that of Montana, and 
particularly that of the Gallatin Valley. In this connection Mr. Lam-
born, land commissioner of the Northern Pacific Railroad, states that 
that the protection a.fl'orded to barley by the recent tariff act will greatly 
inure to the benefit of raisers of barley in Minnesota, the Dakotas, 
and Montana. 
Since the visit of the Senate Committee on Irrigation in 1889, the 
Kleinschmidt Ditch has been t>Xtended and it is now 15 miles in length. 
There are now between two and three hundred small irrigating ditches 
in Gallatin County. There is no artesian well in this part of the county. 
A boring was made to a depth of 400 feet without reaching water. 
Canada corn is grown to a limited extent in the lower part of the county, 
but not near Bozeman. Irrigation in the Gallatin Valley is generally 
by ''flooding." It is found in the irrigated portions of Gallatin County 
that laud is becoming so full of water that drainage is necessary. Drain-
pipes are now being laid. Twenty-four years ago water was not found 
even at a depth of 60 feet. Now, in the same localities, wells reach 
water at a depth of only 14 feet, and when all the irrigating ditches are 
in oneration water rises to within 6 or 8 feet of the surface. This indi-
cates not only a porous soil, but it points also to the general fact that as 
the years pass, such soils need much less water than in the beginning. 
In most cases drainage must eventually accompany irrigation. It has 
also been found that the beds of streams, where cattle and sheep walk 
during low water, have thereby become puddled, and that this has con· 
siderably increased the supply of water in such streams available for 
irrigation, the waste of seepage being practically prevented thereby. 
By virtue of the fact that the supply of Montana is very much less 
than the consumption, the price of agricultural products is generally the 
price in St. Paul or Minneapolis plus the freight to local points of con-
• 
154 IRRIGATION • 
sumption in Montana. The following are some of the quotations in 
Bozeman November 18~ 1890 ~ 
Wheat, best ..•••..•.••..•••• c ••••••••••••••••••••••••••••••••• per bushel.. $0. 90 
Oat,s ...••..•••••..•••..•••.••••...•••..••••.•••.....••.... per 100 pounds.. 1. 35 
Barley ..••••.••••••••.•..••••....•.....••..•••••.....••.•••••....... do.... 1. 12t 
Potatoes ..•...•••....•••..••••.•••••.•••.....••.••..•.....•.•.. per pound.. .01! 
Hay .•••••...........••..........•.•...•..•••....•....••......•... per ton. • 3. 00 
PHENOMENAL RESULTS IN THE GALLATIN VALLEY. 
The following data as to exceptionally large or phenomenal crops 
as the result of irrigation, in Gallatin County, were furnislted to me: 
First. A farm on Cottonwood Creek, belonging to a Mrs. Godson, 
yielded on a certain 40-acre tract, 5,000 bushels of oats or 125 busltels 
to the acre. 
Second. Mr. Hoffman, president of the National Bank of Bozeman, 
has produced on a small farm 110 bushels of oats to the acre. · 
Third. The highest wheat yield recorded in Gallatin County is 69 
bushels to the acre. 
Fourth. A bay field belonging to the county treasurer cut 3 tons to 
the acre; t.he hay was sold for $15 a ton and netted a profit of $30 an 
acre. 
Fifth. Mr. Patterson, county treasurer, planted potatoes this year on 
8 acres of land within 1 mile of Bozeman. Be had them dug and sold 
the crop lying on the ground for $1,200. The net profit of the crop 
was stated to me at $800, or $100 an acre. 
Just here it appears proper to observe that lack of water is the great 
obstacle to agricultural progress not only in Montana, but throughout 
the arid region. No attempt has yet been made to store the waters of 
Montana. All the irrigating ditches, large and small, are simply taken 
out of streams and dependent alone for supply when the water is run-
ning in such streams. The result is, already, that in midsummer, when 
these streams run low, there is not water enough to supply all the 
ditches or canals taken out on any one stream. A proper storage of 
water during the spring months would obviate all this in the Gallatin, 
Madison, and Prickly Pear Valleys. This water supply could be greatly 
increased by the construction of storage dams at favorable locations. 
In certain cases such dams would cost but little, and yet the work ia so 
1 much of a public nature that private enterprise hesitates about engag-
ing in it. In this connection it may be stated that the laws of Mon-
tana fail to make clear and to adequately protect the water rights of in-
dividuals in case of a lack of water. .An adequate supply of water 
through a judicious system of storage would obviate such difficulties, 
because generally the water supply could be made to exceed the de-
mand for the irrigable lands of the State. 
A considerable portion of the land of Gallatin County is allowed to 
lie fallow every alternate year, but much land is cultivated every year. 
No fertilizers are used, reliance for fertilization being had upon the 
silt brought down by the waters of irrigation. 
'fhe period of growth for barley in Gallatin County is 90 days 
from planting to reaping. 
AT HELENA. 
The irrigable or arable lands of Lewis and Clarke County are chiefly 
embraced in the watersheds of the Big Prickly Pear Creek, the Little 
P1·ickly Pear Creek, the Dearborn River, and their tributaries. The 
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three streams just mentioned empty into the Missouri River. During 
the past year (1890) several ditches in course of cons4 ruction ha Ye 
been extended and some of them completed. Tltere are now about 
'200,000 acr~s of land under cultivation in Lewis and Clarke County. 
Mr. W. 0. Child, of Helena, who is enga~ed in farming, dictated to me 
a statement which is so clear and closely connected that I present it 
substantially as he gave it to me . 
. Mr. Uhild expresses the opinion that water enough flows from the 
mountains, which, if stored in reservoirs, would be amply sufficient to 
irrigate all the agricultural lands of the State. 
The topographical features of the Prickly Pear watershed are such 
that at a point best suited to serve the entire valley a dam can be con-
structed at a cost not to exceed $50,000, thereby creating a reservoir 
with a capacity of 600,000,000 gallons of water. He also believes the 
natural conditions are such as to admit of the construction of a series 
of such dams. He believes that the flow during the first week of the 
spring rise would be sufficient alone to fill all of these reserYoirs. The 
spring flow usually occurs during the months of l\Iay and June and 
usually continues from 4 to 5 weeks. By means of such reservoirs 
the most valuable lands and particularly those producing hay could be 
reached. What is true of Prickly Pear Creek Mr. Child believes is 
substantially true of the State, viz, that at comparatively small ex-
pense, extensive irrigable lands can be reclaimed. Mr. Child sugf;·ests 
the desirability of such legislation as will make it possible for individ-
uals or corf>orations to acquire the title to such portions of the public 
" domain as may be necessary in order to enable them to construct stor-
age reservoirs. 
Mr. Child has an artesian well at the foot-hills of the mountains G 
miles east of Helena, and three-quarters of a mile west of Prickly !'ear 
Creek. It has a water supply at the depth of 20 feet, 40 feet, and 80 
feet. It passes through a sort of sandstone formation. This well yields 
water for domestic uses and the supply of cattle. Nowhere in Moutana, 
except at Miles City, have I found any instance of an artesian well yield-
ing water for agricultural purposes, or a belief in the minds of the people 
that any such supply is available. 
Mr. Child has, during the past year, been engaged in the develop-
ment of the underflow on McClelland Creek, a branch of the Prickly 
Pear. This has been done by what he terms "running a bed-rock 
drain." This expression has the significance given to it by the mlners. 
They call everything u bed i·ock" which holds placer gold, even if it 
be clay. Mr. Child means by "bed rock" any strata which holds 
water. He believes it to be true that nearly all the streams of the 
State have an underflow through gravel beds, varying from 5 to 80 feet 
in thickness; that a large proportion of such waters are retarded or 
held back during the entire season of irrigation, and could be tapped 
and rendered available for irrigation by means of tunnels and other 
underground drains.* 
Mr. Child states that the usual time of harvesting the hay crop in the 
vicinity of Helena is from the 6th to the latter part of July. At this 
time the fields are irrigated and a second crop matures in about 2 
months. Then water is applied again, and it puts the laud in the best 
possible condition for an early crop the next spring or for early plow-
* Since Mr. Nimmo's return Mr. Child's experiment has been demonstrated to suc-
Mss, and a flow of over 100 miners inches has been obtained by a bed-rock drain he 
has driven. A larger supply is expected from an extension now in progress. 
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ing. The seasons of 18~9 and 1890 were the driest ever known in the 
history of Montana~ and particularly in the Prickly Pear Valley, But 
notwithstanding this fact, Mr. Child states that on irrigated bench or 
foot-hills lands he cut two crops of timothy and clover mixed, which 
yielded 2 tons per acre at each cutting. 
Mr. Child, in closing his statement, said that in the vicinity of Helena 
there was harvested, in 1876, oats, wheat, and barley which took the 
first. prize at the Centennial Exposition at Philadelphia, and at the 
World's Fair held at London. This year small areas of land have 
yielded 800 bushels of potatoes per acre, unsurpassed for quality in the 
United States. The experiment of raising wheat from seed brought 
from the extreme northern part of Russia, and supplied by the Depart-
ment of Agriculture, has proved a splendid success both as to yield 
and quality. The experiment of growing the sugar beet, from seed sup-
plied by the Claus Spreckels Sugar Refinery Company, has succeeded 
equally well. There was harvested on a small tract of land uear Helena, 
in the year 1876, wheat which yielded 113 bushels to the acre. This is 
attested by the Board of Trade of Helena, in a document which I have 
already sent to the Department. .I have heard of no other yield of 
wheat which equaleu this. 
Wheat has been produced in this vicinity weighing 65 pounds to the 
bushel, barley 55 pounds, and oats 51 pounds. The heaviest cabbage 
on record weighed 48 pounds. Onions from the seed yield, in quality, 
equal to the best Bermuda. 
Mr. John B. Wilson is president of the Crown Butte C~nal and in 
charge of Wilson & Thompson's system of irrigation and reservoir sys-
tems, both in Cascade County, about 90 miles from Helena. He thinks 
the present mode of irrigation, including all the large corporate enter-
prises, will not cover more than from 10 to 12 per cent. of the land and 
that a system of reservoirs is greatly needed. 
The Dearborn River irrigating works embrace a la.rger provision for 
the storage of water than any other enterprise of the soil to which my 
attention has been directed in :Montana. This work bas a reservoir in 
the mountains, formed by a dam 108 feet high, 250 feet thick at the 
base, aud firmly connected to the rock at both sides. By means of a 
cut 80 feet deep and a tunnel the water is carried from the Dearborn 
River into Plat Creek. This £mterprise is being carried on by a corpor-
ation of which Mr. Donald Bradford, mayor of Helena, is president. 
The enterprise aR yet ism its infancy. There are now ~8 miles of the 
main canal complet~d, which is 38 feet wide at the top and 28 feet wide 
at the bottom. Its grade is 3.1 feet to the mile. The canal flows 
through a sandy loam which puddles itself. There are 1,500 feet of 
flnming on the line, the flume being 14 feet high and 6 feet deep, with 
a grade of 4~ feet to the mile. The entire works, iucluding reservoir 
and flume, have cost an average of ;u;15,000 a mile. It is found that 
where riprapped the bottom and sides do not scour or become injured 
with a fall of 3.1 feet grade to the mile. It is expected that the Dear-
born River Canal will eventually irrigate 75,000 acres of land. The 
company is not the owner of any of the lands to be irrigated, but will 
sell water to land owners. In this respect the enterprise differs from 
all other irrigating enterprises to which my attention has been directed, 
the general assumption being that the chief profit of irrigating enter-
priRes must be expected to be realized from the enhanced value of 
lands purchased at low rates by the constructors of the irrigating 
works. The Dearborn Canal Company is now selling water at $1 per 
acre for the season of irrigation. Mr. Bradford estimates that the 
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total cost of the works will be about $150,000, or $2 an acre for the land 
covered by water. It will be observed that this is the largest irrigating 
enterprise betwt>en the main divide of the Rockies and the Belt Moun-
tains, as it covers 75,000 acres while the Belt-Gallatin Canal covers 
only 56,000 acres. 
PROGRESS MADE IN THE CO~STRUCTION OF IRRIGATING WORKS BE-
TWEEN 1.'HE MAIN DIVIDE OF THE ROCKIES AND THE BELT MOUN-
TAINS SINCE 1'HE VISIT OF THE SENA1'E COMMITTEE ON IRRIGA-
TION IN 1889. 
The following statements in regard to papers were made to me by 
Mr. John B. Wilson, of Helena. Quite a number of small ditches have 
been taken since the visit of the ~enate committee in 1889, no record 
of which is preserved; also the following large ditches: 
(1) The Crown Butte Canal~ in Cascade County, near Fort Starr, 10 
feet wide at the bottom, 18 feet wide at the top, and carrying water 3 
to 4 feet deep. The main canal is 22 miles in length. The total length 
:>f the canal, including laterals, being 40 miles, begun this year and fin-
.shed this year. The main canal has a g-rade of 2 feet to the mile, be-
lieved to be about right for a canal of its size. It is riprapped on the 
exterior sid of curves. Puddling is not resorted to. Several ditches 
puddle themselves. 
(2) The Choteau Canal, of Choteau County, beyond Great Falls. 
The size of this canal is not known by Mr:. Wilson. It was begun this 
yeq,r and will cover about 100,000 acres of land. 
(3) 'l'he Dearborn Canal, already described. 
(4) The West Gallatin Canal, already described. 
The Crown Butte Canal, which is taken out of the Sun River, will 
feed the reservoir of the Muddy Creek Canal, a part of the Wilson & 
Thompson Canal and Reservoir System. The Muddy Creek Canal will 
also draw supplies from Lepley Creek, Eagle Rock Creek, and Muddy 
Creek. 
Mr. Wilson believes that there is ample water, if stored in these lat-
eral valleys opening into the Missouri. River Valley, to supply all the 
irrigable lands in this section of the country. 
At "'l'he 13-ates of the Mountains" the Missouri River debouches into 
a vast prairie and plateau country stretehing far to the east and to the 
north beyond the Cauadian border line. The question as to the recla-
mation of this vast area is a very large one and involves considerations 
which there was not sufficient time to investigate or to consider with 
sufficient care to enable the offering the Department any well-matured 
views. 
Very little bas been done since 1889 in the Missoula and Bitter Root 
Valleys. The side streams are not sufficient, by t,heir natural flow, to 
supply the laud. Storage reservoirs are greatly needed and can alone 
supply the necessary water of irrigation. The bench lands above the 
valleys are the best lands. These are not now reached to any consid-
erable extent. The Flathead Valley and the Horse Plain Valley are 
arable without artificial irrigation, for the reason that they have a rich 
soil on the clay subsoil; but the Bitter Root, Missoula. and French-
town Valleys have a gravelly subsoil, and therefore need irrigation. 
There is no artesian well in this vicinity. The Missoula Valley appears 
to be just at the eastern end of the Pacific slope fruit country, which 
will hereafter be more fnllv described. · 
Incidental to the collection of other data at Helena, the following facts 
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were obtainrd in regard to the cost of constructing irrigating works. 
Mr. John B. Wilson states that on Crown Butte Canal there has been 
paid 9 cents per cubic yard for earth work, 25 to 30 cents for loose rock 
and cemented gravel, and 50 to 60 cents per cubic yard for solid rock. 
J .. aborers are paid from $~.25 to $2.50 per day. No Chinese labor is 
employed. It is found that the Chinese although agile lack the physi-
cal stamina for severe physical labor. · 
It was stated in the office of the board of trade, the mayor of the 
city being present, that about three-fourths of the agricultural prod-
ucts consumed in ·l\foutana excepting bay, are shipped into the State 
from abroad, and that some bay comes in from Minnesota. Cheapness of 
product depends mainly upon the price at which the water of irrigation 
js procured and distributed. In a word, a large proportion of the wheat, 
oats, corn, and vegetable food generally comes in from abroad. The 
demand for such products in Montana is growing faster than the supply 
within the border of the State. 
lrri,qable seasons and frosts.-The irrigable season of the Prickly Pear 
and other valleys bounded on the west by the main divide of the Rocky 
Mountains is from April to August for cereals and all crops except 
bay" Early frosts in August which elsewhere blast wheat "in the 
milk" are unknown here. Sometimes plowing is done during the en-
tire month of :March. Occasionally early plowing begins ab ut the 15th 
of February. Wheat, oats, barley, and bay are never injured during 
the season of harvesting. Hay is always preserved, a fact indicated 
by color when thoroughly cured. Frosts which kill vegetation usually 
occur about September 15. 
Fruit.-Montana east of the main divide of the Rocky Mountains is 
not much of a fruit country. The small fruits, currants, gooseberries, 
and berries, however, flourish luxuriantly. 
Sub-irrigation and sub-drainage.-From all the statements of fact aud 
opinion which have engaged my attention, it appears that the question 
of sub-irrigation and sub-drainage depends entirely upon the physical 
characteristics of the soil and subsoil. Mr. Albert Kleinschmidt, of 
Helena, who has studied this subject closely in California, Washing-
ton, and Montana, states that a gravel subsoil e:fi'ectually obviates the 
necessity for sub-drainage, wht-reas a sandy subsoil in time packs and 
becomes impervious from the silt carried by the water of irrigation. In 
Oaliforma the subsoil is generally decomposed granite which packs 
tig·htly and needs sub-drainage. In .Montana, on the other hand, the 
valleys have usually an underlying layer of gravel and bowlders which 
afford ample subdrainage. Mr. Kleinschmidt thinks that there will be 
no need of sub-drainage nor occasion for sub-irrigation in the State of 
"\Vashington, for the reason that the central and eastern portions of the 
State are underlaid by a porous decomposed lava or basaltic rock. In 
his view sub-irrigation is an expedient of the future, being altogether 
too expensive now. 
The duty of water.--It seems very difficult, if not impossible, at the 
present time to arrive at any clear statement as to the duty of water, 
owing, first, to the fact that there are at least eight or ten definitions 
given as to the term "an inch of water" or a miner's inch;" second, 
that the modes of measuring water vary; tlJird, the service of water in 
irrigation varies in different parts of the country, owing to difference in 
evaporation, leakage, and the different quantities required for different 
crops .• 
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ARTESIAN WELLS IN THE VALLEYS BOUNDED ON THE WEST BY THE 
MAIN DIVIDE OF THE ROCKY MOUNTAINS AND ON THE EAST BY 
THE BELT MOUNTAINS. 
An unsuccessful attempt to secure artesian water in the Gallatin 
Valley has been menth.:ned; also the weii at East Helena, a flowing well 
put down by Mr. W. C. Childs, which is useful only for watering cattle. 
An artesian well was sunk by Dr. D. C. Brook, of Helena, within the cit.y 
limits. This well is located at a point about 200 feet above the Prickly 
Pear Valley. It is down 900 feet and water rises in it to within 100 feet 
of the surface. Mr. Albert Kleinschmidt, of Helena, is well informed in 
regard to artesian wells. Be says t.hat a well flowing 50 miner's inches 
is an exceedingly large well. He bas ascertained in San Bernardino 
County, California, that one artesian well detracts from the flow of 
others in the same locality. The San Bernardino wells are periodic in 
:flow and fed by seasonal drainage waters. Being now under public 
regulation there is no danger of cessation felt as one set of wells are 
shut off while others are in use. These wells are also closed under 
municipal rules during the nonirrigating season. The stratum from 
which their supply is derived bas been ascertained to be one of glacial 
drift and erosion made up of gra-vel, small stones, sand, and bowlders. 
It is filled as the snows melt from the abundant mountain drainage and 
forms in fact a natural subterranean reservoir whose contents are under 
hJrdrostatic pressure. 
He believes, however, that artesian wens are persistent, i.e., that 
their flow does not diminish from year to year, unless by sinking other 
wells in the same locality. He bas no faith in artesian wells as a source 
of irrigation and is of t.he opinion that at the present time it is imprac-
ticable to supply water for irrigation purposes to any extent by gravi-
tation. 
1\lr. John B. Wilson, of Helena, informs me that there are only about 
half a dozen pumps in the Prickly Pear Valley employed for raismg 
water from the bed rock to the land. The pump known as the "Pul-
someter" is the one now preferred. 
LANDS OF THE ARID REGIONS WHICH ARE SUFFICIENTLY }:RRIGATED 
BY NATURE FOR SUCCESSFUL AGRICULTURE. 
There are two classes of lands in this portion of the arid region which 
are sufficiently irrigated by nature for successful agric1llture~ bot.h of 
which are exceptional in character and occupy a comparatively very 
1imitt>d area. The first of tllese are valley lands~ having a gravelly 
subsoil, through which water freely percolates from the rivers and 
streams. The surface soil is sufficiently porous to draw moisture from 
below like capillary attraction and the process of evaporation. The 
other natura11y irrigated lands are on mountain slopes lying just bf'low 
the snow line in the spring. Such lands having a southern exposure 
and having also a favorable soil and subsoil, draw a suffieient supply 
of moisture during the sea8on of vegetable growth from the melting 
snows above. These, in certain instances, constitute the finest lands for 
cereal productions. Lands of this character are in full view fi·om the 
city ofRozeman. Such naturally irrigated lands are exceptional. Ex-
tensive regions in the arid regions have been represented as being 
arable without irrigation and probably in good faith; but two such 
seasons of drought as those of the years 1~89, and 1890; proves that 
they are not lands which can be regarded as agricultural lands without 
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artificial surface irrigation. The lands of the Missouri River bottom 
in the vicinity of Great Falls, and below that point, which are not 
more than 10 feet above the level of the river at its ordinary stages, 
generally produce good crops without any artificial supply of water, but 
the bench lauds, ouly 20 feet above, and the higher table-lands back 
to the bluff's, supposed from a succession of "wet years" to be arable 
without hrigation, are found to be arid in "dry years," which years are 
during· a long pf'riod of time much greater in number than the ''wet 
:rears." The valley lands, not more than 10 feet above the streams 
which are irrigated by nature must be exceedingly limited in extent. 
THE NORTHWESTERN BOUNDARIES OF THE ARID REGION, OR REGION 
WITHIN WHICH AGRICULTURE CAN BE CARRIED ON ONLY BY MEANS 
OF IRRIGATION. 
No question as to the boundary lines of the arid region confronted 
me in Montana, because it may be safely said that all arable lands of 
that State are productive only by means ·of irrigation, other than the 
naturally irrigated bottom lands and mountain slopes already referred 
to, which are comparatively of small extent. But when I passed from 
Missoula to Spokane Falls, in eastern Washington, the question as to 
the northwestern boundaries of the irrigable regions at once confronted 
me, for I found myself on the border of perhaps the most productive 
wheat·produciug area on earth Without irrigation, beyond which area 
there again occurs a region which is arable only by means of irrigation. 
There are four conditions which discriminate the arable lands lying 
west of the Bitter Range and east of the Cascade Range from those 
which are productive without irrigation, and those which are produc-
tive only by means of irrigation. These conditions are: 
First, the amount of rainfall; second, elevation; third, the nature of 
the soil and of the subsoil; and fourth~ the situation with respect to 
the Cascade Range. 
'The precipitation of this section of the country all comes from the 
Pacific Ocean. The moisture-laden winds sweep across the Cascade 
Range and pass over the lands immediatel~y east of that range with 
little precipitation, but they yield an a.deqna.te supply to the more ele-
vated la11ds east of the Columbia River. The Bitter Root Range is 
mueh higher than the Oascade Range, and therefore its summit catches 
and discharges upon its weRtern slopes and bench lands the moisture 
that gives life to them. These lands are from 1,200 to 3,000 feet above 
the level of the sea. The Big Bend and the Palouse country represent 
the elevated arable lands east of the Columbia River. With this gen-
eral statement of physical characteristics I proceed to describe the 
arable areas which do and do not need irrigation 
The 5 northern counties of Idaho, viz: Kootenai, Latah, Shoshone, 
Nez Perces, and Idaho, form what is known as the ''Panhandle" of 
that State. Much tlle larger part of this area is mountainous, and 
for that reason is nonarable. The arable lands are those which have 
been surveyed and are so designated on the land-office map. The Spo-
kane Valley, extending up almosttoPendd'OreilleLake, is productive 
without irrigation during seasons of large rainfall, hut on account of a 
gravPlly subsoil needs irrigation during- the H dry years." There is no 
apparent means of irrigating this region by gravity, as the Spokane 
River is below th · se lands. Whether adequate water can be secured 
by storage in· the side valleys is yet to be determined. The arable lands 
of the Coeur d'Alene reservation are all fine, productive lands without 
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irrigation. These amount to about 8 sections in all. Latah County, 
Idaho, is a fine body of land higllly productive without irrigation, hav-
ing an excellent soil. It is au integral part of t.he famous Palouse 
country. Tlw arable lands of Nez Perces County, the surveyed lands 
in the soutll western corner of Shoshone County, and the surveyed lands 
in tlle north west corner of Iualw County, are good agricultural lands 
and need no irrigation, not alone on account of their rainfall but also 
on account of the nature of their soil. The lands alJout Lewiston and 
above that point in the valley of the Snake River being about 2,000 
feet below tlle contiguous Palouse country lands, need irrigation for 
lack·of rainfall. 
Tbe Palouse country and the Walla "\Valla country are highly pro-
ductive of wheat and other cereals, far exc~ecling in their average yield 
per acre any of the States east of tlle l{,ocky Mountains. Their western 
contour line therefore approximately defines the boundary between irri-
gable and nonirrigable lands. 
EASTERN WASHINGTON. 
The Cascade Range separates an area of irrigable lands on the west, 
with an abundant rainfall, from an area situated between the base of 
that range and the Columbia River which has a rainfall insufficieut for 
the growth of any agricultural crop without irrigation. I pass, there-
fore, to the consideration of the arid area lying just east of the Cascade 
Range in the State of Washington. 
AT ELLENSBURGH. 
The construction of the Ellensburgh Water Company's canal was 
mainly done in the year 1889. It has since been extended about 4 
miles. It covers about 16 sections, or 16,640 acres of land. \Vater is 
taken out of the Yakima River, about 6~ miles above North Yakima. 
There is no reservoir for this canal, tbe supply being abundant. This 
canal is 12 feet wide at bottom, carries 3 feet of water, and bas a grade 
of 30 inches to the mile. The cost of this work bas been about $40,000. 
Plans are now being made to elllarge this canal so that it shall carry 
double the quantity of water and reach more land. 
There is also a canal on the west side of the Yaldma River, taken 
out at a point about 11 miles above Ellensburgh. The dimensiOns of 
this canal are 16 feet at the bottom, slopes 1 to 1 in excavation 
. and 2 to 1 in embankment; depth of water, 3 feet; grade, 11 to 2 feet 
to the mile. This work co~ers about 45 sections of land, It was begnn 
about eighteen months ago, is nearly complet:ed, and bas been con-
structed mainly since the Stewart committee vis1ted this section. The 
cost of this canal bas been about $28,000. 
Session Laws of Washington, page 321, provides for the creation of 
irrigation districts, and was copied from the so-called "Wright law" 
of California. Under this statute the Kittetas irrigation district was 
formed. This provides for a large canal which will cover 100,000 acres, 
or 80,000 not now reached by any canal. The proposed canal i~ to 
be 30 feet wide at bottom, 4 feet deep, slopes 1 to 1, and grade of 2~ 
feet to the mile. The work embraces the use of Lake Kahcbass, Lake 
Keecbelus, and Lake Tlecalum as reservoirs, about 50 to 60 miles dis-
tant, and not now embraced within the limits of the KiUetas irrigation 
district. The estimated cost of the whole work is between $700,000 
and $800,000. It is proposed nuder the pro -risions of the statute to 
bond the irrigation district. 
S. Ex. 53-11 
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UNDERFLOW OR UNDERLYING W .A.TERS. 
It is believed that there is a very considerable underflow in the Ya-
kima River, and also in several of the side streams. The main evidence 
of this on the Yakima, as elsewhere in the arid region, is the disap-
pearance of water in the bed of the stream where it :flows through 
valley lands, and its reappearance in the canons. No attempt bas lJeeu 
made in Kittetas County to utilize the underflow. Both spring and 
fall plowing is practiced in the Kittetas Valley. The planting season 
em braces March and April. Wheat is here harvested from July 20 to 
August 15. 
AGRICULTURAL PRODUC1'S. 
The agricultural products of the Kittetas Valley are chiefly wheat, 
oats, barley, hay, apples, pears, prunes, plums, small fruits, berries, and 
the hardier vegetables generally. Land is here worth about $50 when 
improved and irrigated. I was informed of a barley crop of 117 
bushels to the acre, and of a w beat crop of 70 bushels to the acre, 
under irrigation. 
All fruit trees are irrigated. Land in the Kittetas Valley requires 
about half a miner's inch for the season, the inch being the quantity 
of water which will flow through an aperture 1 inch square, under a 
head of 6 inches. It is said to be the equivalent of .025 cubic feet a 
second. 
THE Y.A.IUMA. VALLEY. 
The largest wheat crop of which I heard in the Yakima Valley was 
100 bushels to the acre, and the largest crop of oats 110 bushels to the 
acre. The average wheat crop is 40 to CO bushels to the a~re. Alfalfa 
probably brings more money to the farmer tllan any other crop. It is 
cut two and three times during each season, and the total product for 
tlle season averages from 6 to 9 tons to the acre. 
The opinion appears to be entertained by the best-informed men 
that it will not be profitable to raise wheat in the Yakima Valley, 
although it is produced at the average rate of 40 to 60 lJushels to the 
acre, and for the reason that fruit and hay-alfalfa and timothy-hops 
and tolJacco will pay so much better. The Yakima Valles is . a wost 
prolific fruit country under irrigation, its prouucts embracing apples, 
pears, plums, prunes, peaches, grapes of many varieties, small fruits, 
and berries. 
PROGRESS MADE IN IRRIGATION IN TilE YAKIMA. VALLEY. 
No marked progress bas been made in the actual construction of irri-
gation work in the Yakima Valley, since the visit of the Senate com-
mittee in 1889; but there is in contemplation and in the prelimiuary 
stages of survey and location, a work of great magnitude. This work 
is being prosecuted by the "Northern Pacific, Yakima and Kittetas Ir-
rigatwn Company." Already about $50,000 has been expended on sur-
Yeys, and the total cost of the work is expected to he from $2,0UO,OOO to 
$3,000,000. Water will be taken from the Yakima. Hiver and its 
branches, but the most important source of water supply seems to be in 
a system ofres&voirs, embracing Lakes Keechelus, Kahcllass, Tlecalum 
and Tannum. It also proposed to build reservoirs in the several val-
less tributary to the Tetan, which will draw supplies from glaciers of 
the Cascade Hange. 
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The lands to be covered by these works lie in the Yakima Valley, in 
the Yakima Indian Reservation, and in a body of lands east of that 
reservation, known as the ''Sunny Side Valley." It is also believed 
that one of the canals of the system can be made to wind around the 
hills so as to reach a large body of lands on the Oolum bia River bottom, 
or mesa lands. The full development of the scheme awaits the com-
pletion of a topographical map, showing the waters to be used and the 
lands to be irrigated. 
The climate of the North Yakima and Sunny Side Valleys is claimed 
as similar to that of San Francisco, Cal. The Sunny Side Valley is 
from 400 to 500 feet lower than the North Yakima Valley, and is more 
favorable for the culture of peaches, plums, prunes, and grapes. Large 
canneries are reported to be coming as soon as these lands are reclaimed. 
The period of vegetation is said to begin from 2 to 3 weeks earlier in 
the Sunny Side Valley than in the North Yakima Valley, and to con-
tinue about as much longer in the autumn. 
The Northern Pacific Railroad Company is aiding the grand develop-
ment promised by the Northeru Pacific, North Yakima and Kittetas 
lrrigatmg Company. This is dolle by contributing all its lands, consti-
tuting nearly half the area to be reclaimed, at an agreed price, which 
as I understand is very low. 
The Konnewoc Ditch.-Mr. Edgar T. Stone, of North Yakima, is presi-
dent of this ditch company. It starts from a point about 6 miles below 
North Yakima and extends about 18 miles. It is 7 feet wide at bottom 
and about 2 feet deep. Its grade at the upper end is 5.1 inches per 
mile and less below. It covers about 3,000 acres of land and cost about 
$15,000. 
The Wenass Valley.-Mr. Daniel Sinclair, county commissioner, in-
formed me that the Wenass Valley, which joins the Yakima Valley, 
about 6 miles above North Yakima, is imperfectly irrigated, but be-
lieves that the perfect storage of water will afford sufficient water for 
the reclamation of all its irrigable lands. There are now about forty 
to fifty private ditches in the valley. Mr. Sinclair believes that the 
work of building reservoirs can only be undertaken by a company pos-
sessed of sufficient capital to construct such expensive works. 
The Oneida Colony, near Pasco.-A colony of people from Oneida, N. 
Y., have taken up about 20,000 acres of land west of the Columbia 
River, and not far from Pasco. They take water from the Yakima 
River. I did not visit the place, but am told that these people have 
snccef~ded admirably in their operations. The people of Kennewick 
voted about December 10, 1890, for the issue of bonds in favor of an 
irrigation district, to construct a ditch covering 12,000 to 14,000 acres 
of land, located in the Columbia Valley, on the west side of the river, 
below the mouth of the Yakima. The water is to be taken from the 
mouth of the Yakima l{.iver, just opposite "Rattlesnake Mountains.'' 
P.ASCO, WASHINGTON, AND VICINITY. 
The town of Pasco is situated on the east side of the Columbia River, 
at a point where the Northern Pacific Railroad crosses that river, and a 
short distance above the junction ·of the Snake River. The elevation of 
Pasco is only 31.2 feet above the sea level. It is the natural commercial 
center of Franklin Uounty, which lies between the Columbia and Snake 
Rivers. This county has a rich soil, but it is part of an area west of 
the fruitful "Palouse country" and south of the "Big Bend couu try," 
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which is absolutely arid and barren without irrigation. Abundant 
waters are flowing by on either side, in the Snake and Columbia Rivers, 
and the problem of the hour is bow to get these waters upon the vast 
arid waste. Various plans have been suggested. "Priest Rapids," on 
the Uolumbia River, have a total fall of 59.4 feet, and a canal taken 
out at the bead of these rapids would cover a large proportion of the 
irrigable lands of Franklin County. A competent engioneer has, how. 
ever, estimated that it will cost about $1,000,000 to construct the ditch. 
Such expenditure seems impraQticable at the present time. 
It has been proposed to use Moses Lake, in Douglas County, as a 
reservoir for the irrigation of lands below iu Douglas and Franklin 
Counties. The people of Franklin County have, however, hit upon a 
plan from which they expect highly beneficial results. They have or-
ganized their county as an irrigation distrjct, covering 19,000 acres of 
land, under the laws of the State of w ·ashington, and have authorized 
the issue of bonds to the amount of $200,000 for the construction of a 
canal and hydraulic works, whereby water may be lifted from the Snake 
River, the level of which is 110 feet below Pasco, and carried upon the 
lands proposed to be irrigated and bonded. It is thought the works 
will not cost over $110,000. The preferred plan appeared to be that 
of a steam pump. Another plan being considered, the suggestion of a 
California party, was to go 9 miles up the Snake River, where a canal 
or flume could be conducted along the valley of the Snake, so as to se-
cure a fall of 25 feet at Pasco, thus furnishing abundant power for 
pumping water from the river upon the lands above. The size of the 
proposed l?ranklin County ditch is 17 feet wide at top, 9 feet wide at 
bottom, and 4 feet depth of water. 
The elevatjon of lands near the mouth of Snake River is only 312 
feet, the elevation of Walia Wall a being 965 feet. This difference in 
elevation causes crops generally to be about 3 weeks earlier at Pasco. 
Artesian ~oells.-UDder an appropriation of $60,000, made by the 
State of Washington, an attempt was made to sink an artesian well at 
Pasco, but withouc success. The boring was put down 400 feet, but 
did not reach water nor pass through the basalt rock. 
A.T W .A.LLA WALLA.. 
The famous" Walla Walla country" is highly productive of wheat, 
barley, and oats, without irrigation; but all vegetables and fruits need 
irrigation, for w bich purpose water is taken from the Walla Walla 
River. which takes its rise in the Blue Mountains. There were in De-
cember, 1890, about 12,000· bushels of wheat in the vicinity of the val-
ley of Walla Walla awaiting transportation. The entire soil of this 
region and the underlying rock is basaltic. Native rock is not found, 
except far up on the si<les of the mountains. Water for city uses gen-
erally is obtained from the Walla Walla River. There is no rainfall at 
Walla Walla from June 1 until September 15 to 20. I would here 
remark that wheat, barley, and oats appear to be a~wut the only crop 
which can be raised in the wonuerful H Palouse country" without irri-
gation. Fruit and berries raised in the vicinity of Walla Walla by 
means of irrigation are shipped daily by carloads. The markets are 
chiefly Spokane Falls, Butte, and Helena, Mont., and even occasionally 
to St. Paul. It is thought that fruit can be shipped from the irrigated 
lands of Pasco 2 to 3 weeks earlier than from Walia Walla. 
Stable manure is used at Walla Walla for vegetable gardens, and is 
worth 50 cents a load. Irrigation at Walla Walla is done ''in the row," 
and not by flooding. No fertilizers of any sort are ustd on wheat lands 
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Phenomenal crops.-Dr. Blaiock, mayor of Walla Walla, in speak-
ing of the enormous crops produced at that place by means of irrigation, 
stated that he bad seen 75 tons of carrots produced in one season from 
a single acre, and added that 1,000 bushels of onions from an acre was 
not an uncommon crop. 
EASTERN OREGON. 
The eastern or arid sectioll of tlle St_ate comprises about two-thirds 
of its entire area. The aridity of the arable lands of eastern Oregon 
is not due alone to meteorological influences exerted by the Cascade 
Range. As the moisture-laden winds from the Pacific Ocean pass over 
this range a certaia amount of preoipitation takes place, but these 
aeri~l currents retain a large proportion of their original humidity. 
As they move eastwardly their red need burden of moisture is held aloft 
by and is precipitated upon the summits of mountain ranges and 
groups scattered throughout eastern Oregon and Idaho. A consider-
able proportion of humidity also passes still farther eastward, and is 
precipitated upon the Bitter Root Range and the Main Divide of the 
Hocky 1.Iountains. This distribution of precipitation. east of the Cas-
cade Rau,ge is clearly manifested in the abundant and lu~uriant forests 
which flourish perpetually npon the more elevated portions of all these 
ran,ges and groups of mountains east of the Cascade Range iu Oregon, 
Idaho, Montana, and Wyoming. Some of the loftiest peaks in this 
vast area have a high ''timber line" as well as a low ''timber line," 
the upper line being determined by frost, and the lower line by lack of 
precipitation. 
The oro logical features of the country just mentioned are the poten-
tial cause of the aridity of the arable and pastoral lands of eastern 
Oregon. These lands, altlwugh embraced under the general designa-
tion of "arid lauds," have a sufficient rainfall for the growth of the pe-
culiar nutritious grasses of the arid region. Such grasses furnish 
abunuant pa~turage tor hundreds of thousands of horses, cattle, and 
sheep "on the range." 'l'here is a much larger possibility of agricul-
tural development in eastern Oregon by mPans of irrigation than has 
heretofore been supposed. The mountain streams yield large supplies 
of water which, when utilize<l for the irrigation of lands, yield results 
phenomenal in agriculture. 
The influence of the topographical and orological features of eastern 
Oregon u pou the rainfall, and upon general climatic conditions govern-
ing agricultural production, is nowhere more strikingly manifested than 
in the northeastern corner of the State. · Umatilla, on the Columbia 
River, has an elevation of only 300 feet, and it is extremely arid. Walla 
'Vall a, about 50 miles east, has au elevation of 926 feet, and West Ore-
gou, only 2" miles south of Walla Wall, an elevation of 1,800feet. Yet 
both U1ese points have a rainfall sufficient for an abundant cereal pro-
duction. Again, Pendleton, 32 miles southeast of Umatilla, bas an ele-
vation of 1,070 feet; but there has not been rainfall enough at that 
place during the last three years for the successful production of any 
agricultural crop. 
All this appears to be the result of the fact that the moisture held 
by the aerial current which sweeps up the Columbia H.iver is repelled 
by the low warm lauds about Umatilla, uut it is to a certain extent 
precipitated upon the higher and cooler lands of the "Walla Walla 
country;" while the high I t.nds about Pendleton tail to receive a share 
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of such precipitation because out of the course of these moisture-laden 
winds. 
The counties of Klamath, Lake, Harney, Crook, and Grant are now 
devoted almost entirely to pastoral pursuits, while the counties on the 
Columbia and in the eastern part of the State are in the course of 
agricultural development in connection with important lumbering and 
mining operations. 
THE DEVELOPMENT OF .AGRICULTURE IN EAS1.'ERN OREGON. 
Historically, agriculture in eastern Oregon, as in almost every other 
part of the arid region, bas been an incident of mining and of pastoral 
pursuits. In fact, the irrigation of arid lands is to a great extent an 
outgrowth of gradually rleveloped art of carrying water for great dis-
tances in ditches and in flumes for mining purposes. Thus the mining 
engineer has become the most practical and skillful irrigating engiueer, 
and the increasing demand for food in the mining camps bas led the 
miner to become a farmer in a country where the favorite word 
"rustle" means to adopt oneself readily and courageously to the vary-
ing demands of a rapidly developing country . 
.AT PENDLETON. 
The city, which has a population of about 2,500, had for several years 
a steady and somewhat rapid growth. It is the center of an agricul-
tural region which a few years ago was believed to be reliably productive 
without irrigation. But in the course of time that has proven to be a 
mistake. A series of years with a sufficient rainfall for the production 
of wheat and the other cereals, has been followed by a series of years 
in wbich the rainfall has been insufficient for crops of any sort without 
irrigation. As yet irrigation has not been practiced in this vicinity. 
During the year 1890 the rainfall at Pendleton was only 11.4& inches. , 
The distress which these" dry years" has induced is already very great, 
and it threatens the depopulation of a considerable proportion of the 
surrounding country unless relief can be a:fl'orded by means of irriga-
tion. In certain instances~ farms have been abandoned ; wire fences 
have been taken down and sold to obtain the necessaries ot life. Wells 
which formerly yielded sufficient supplies of water have failed, and a 
large proportion of the farming community have for months been haul-
ing water from 2 to 10 miles for domestic purposes. A few years ago 
lands which produced 30 to 50 bushels of wheat to the acre, this year 
produced only from 4 to 10 bushels to the acre. During the season of 
1890 many farmers made no attempt to harvest their crops. The dis-
tress has gradually been increasing for the last 5 years. 
In this time of trouble all minds turn to the relief which may be af-
forded by means of irrigation. It is confidently believed that adequate 
relief can be secured by utilizing the waters of the Umatilla river. It 
is proposed to accomplish this by taking the water out of the river at 
a point about 20 miles above Pendleton, and carrying it out upon 
the high plateau lands by means of a high-line canal. This will be 
necessary for the accomplishment of any great good for the reason that 
there is but a small amount of agricultural lands in the immediate valley 
or bottom of the Umatilla. It is believed that there is not more than 
3,000 acres of bottom land between Pendleton and the Columbia river. 
·A corporation known as the "Umatilla Irrigation Oompany" h:;ts 
already been formed. This company proposes to take the water out of 
• 
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the Umatilla River at a point about 20 mil~s above Pendleton and to 
follow the river bank about 8 miles. It will then catch the high lands, 
where the agricnltaral population chiefly reside, and by this means irri-
g·ate from 75,000 to 100,000 acres ofland. The quantity ofland to be irri-
gated will be determined by the available quantity of water in the river 
aiHl not by the area of laud "under the ditch," which aggregates about 
~~0,000 acres. It is not proposed to construct a reservoir at first, hut 
it is belie\Ted tllat eventually, by the storage of water, a much larger 
water supply can be rendered available. 
The farmers throughout the area to be irrigated earnestly indorse the 
scheme, and will become share holders in the irrigation enterprise, upon 
the success of which their interests appear to be at stake. The business 
men and citizens of Pendleton generally are also strongly in favor of 
and are interested in this irrigation enterprise. 
THE UM.A'l'ILLA INDIAN RESERVATION. 
The Umatilla Indian reservation is contiguous to the city of Pen-
dleton~ and the point where the water is to be taken out of the Uma-
tilla H.iver is upon that reservation. The United States ag·ent of the 
tribe states that the "head men" are in favor of the irrigation enter-
prise, and that he had already recommended to the Indian office at 
vVasltington the granting of the right of way for the ditch through the 
reservation. This enterprise would also serve the purpose of irrigat-
ing about 15,000 acres of laud within the reservation . 
.AN OBSTACLE INTERPOSED BY 'l'HE LAWS OF OREGON. 
The constitution of the State of Oregon and the laws originally 
passed with reference to the subject of running water were framed 
l>eforA the subject of irrigation had attracted attention in that State 
or elsewhere in this country, and are in conformity with the doctrine of 
law known as ''the law of riparian rights." This principle of law is 
entirely consistent with the conditions governing agriculture by means 
of the natural rainfall which prevail in the Willamette and other 
valleys on the western side of the Cascade Range, but as the experi-
ences of all the States of the arid region, and of every country where 
itrigation is practiced, clearly prove this rule of law is entirely imprac-
ticable in an arid area. There the law of the appropriation of water 
for benAficial uses, involving the permanent deflection of water from 
its natural channels into canals or ditches, is a public necessity, and, 
as such, the right of eminent domain inherent in the State govern-
ments must be exercised when necessary to sAcure the passage of irri-
gating ditches through lands belonging to private owners. 
All experience proves that in every community either the law of 
riparian rights, or the law of appropriation for benefical uses must 
absolutely prevail. Their coexistence invariably gives rise to '~an 
irrepressible conflict between opposing and enduring forces." In so far 
as I was able to learn in eastern Oregon, there is a general desire that 
the law of the State in regard to the water in streams available for 
irrigation shall be changed, with rAspect to all that part of the State 
- lying east of tile Cascade Range, and a belief was expressed to me 
that the State legislature will make such change during its present 
session. 
Evidences of unde1jlow.-Tbe engineers who have been employed 
upon the surveys for the proposed Pendleton canal assert that there is 
• 
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much more water in the river 20 miles above than at Pendleton. The 
bottom lands are underlaid with gravel through which the waters 
from the riv·er freely percolate, and are reached by wells at the depth 
of only 6 feet. It has been proposed to irrigate the lands lying south 
of the Umatilla river, but nothing bas yet been done toward the con-
struction of the ueceRsary works. 
Artesian ~cells in Oregon.-No attempt bas been made to secure water 
at Pendleton by means of artesian wells, apparently for the reason 
just stated that the Umatilla River underflows its valley lands, aud 
tuat water of good quality may be secured from this source at the depth 
of only 6 feet. An appropriation of $5,000 was made by Congress 
about a year ago for tue ascertainment of sources of artesian water in 
Oregon, to be available whenever a like amount was appropriated for 
the same purpose by the legislature of that State. The result of that 
ofl'er has not been learned. 
AT BAKER CITY. 
The population is about 3,500. It is situated in the valley of Powder 
River and is the county seat of Baker County. This valley bas an av-
erage length of about 30 miles from north to south, by about 20 miles 
from east to west. The soil here is a lava ash, intermingled with sand 
and loam. It is strong and exceedingly fertile, producing in abundance 
tbe cereals, hay, fruit, ann vegetables. 
At the present time irrigation is practiced in the Baker City Valley 
only in a small way, but with results which demonstrate the impor-
tarice of a large and general system of irrigation. The fact that this 
valley, like the Grande Ronde Valley, is largely sub irrigated is un-
doubtedly the cause of delay in securing an adequate system of irriga-
tion. Lands which witlwut irrigation produce about 20 bushels of 
wheat to the acre, are found, however, to produce 40 to 70 bushels per 
acre with irrigation. The knowledge of tbP-se facts has led. to the 
formation of the Baker Valley Irrigation Compauy, which proposes by 
means of reservoirs and ditches to reclaim a11d greatly improve about 
7;1,000 acres of land. William Hammond Hall, U. E., of Ualifornia, is 
tbe cousul ing engineer of Lhis company. Tl.Je works of the company 
are to be used both for the purpose of irrigation and of hydraulic placer 
mi11ing. Tlle main reservoir is loeated iu Sumpter Valley, about 20 
' miles from the towu. It will cover 1,500 acres. By means of a dam 
130 feet high, the reservoir will ha,re an average depth of 39 feet, and 
its capacity will be about 2,501,000,000 en hie feet. 
TL!e following il.escriptiou of tl1e Baker Valley Irrigation Company's 
cauals was prepared by Mr. William Doterlee, manager of that com-
pany: 
Lou·-level canrtls.-(a) West side of Powder River Valley. Capacity, 
8,000 miner's inches; 20 feet wide; 12 miles long. 
(b) East side of Powder River Valley. Capacity, 10,000 miner's 
inclws ; 24 feet wide ; 25 miles long. 
High-level cana.ls.-(a) From dam to Baker City. Capacity, 8,500 
miner's inches; 20 feet wide; 26 miles long. 
(b) From Baker City to Virtue Placer mines. Capacity, 3,500 miner's 
inches; 12 feet wide; 24 miles long. 
(c) J:!""'~rom Baker City to Pocahontas. Capacity, 1,500 miner's inches; 
10 feet wide; 10 miles lou g. . 
The last two mentioned are branches from the main canal, dam to 
Baker City. 
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It is also proposed to take water from Rock Creek and North Pow-
der River, but surveys have not been made for those canals nor for the 
numerous laterals to diRtribute the water. The capacity of the storage 
reservoir will be about 19,000,000,0:·o gallons. 
Artesian wells.-Baker City is now abundantly supplied with water 
by means of two driven wells, one 2 inches in diameter and the other 
5 inches in diameter. Other wells have been put. down by private par-
ties. These wells vary in depth from 155 to 400 feet. Water in the 
city wells rises to within 5 feet of tlle surface, and flows from certain 
of the other wells. None of tllese wells penetrate the solid rock. The 
supply from these wells by means of pumping is sufficient for domestic 
and other city purposes and for the irrigation of gardens and city lots. 
The opinion appears to prevail in Baker City that this supply of water 
is some sort of an underflow proceeding directly from the mountains, 
and not from the streams which flow through the valley. The subjeet 
is worthy of a more careful investigation than the time at my disposal , 
enabled me to give it. 
Evidences of underjlow.-That the la.nds of the Baker Valley are 
naturally sub-irrigated appears to be evident from the fact that with 
au annual average rainfall of only 15 inches they generally produce 
fair crops without artificial irrigation. Other evidences of an under-
flow in the Baker Valley were as follows: 
(a) Dr. J. M. Boyd states that for 28 years the valley lands of Pine 
Creel<, a branch of Salmon Creek, yielded abundant crops by tb(' under-
flow which afforded sufficient irrigation. Two years ago, i. e., in 1889, 
the water of Pine Creek was diverted from its bed for the use of certain 
mining operations. The result was an entire failure of crops. for the 
obvious reason tllat the water of sub-irrigation bau been cut off. 
(b) Mr. W. H. Parkwood mentions a case where sub-irrigation had 
been induced. This was on the lands of Mr. E. D. Cranston on Olover 
Creek, a branch of Pine Creek. The water in this stream was several 
feet below the surface of the adjoining land. Mr. Cranston bas put in 
a set of <lams, so as to bring the water in the stream almost even with 
the surface, and found that by this means the water underlying the 
lands adjoining the stream was so raised as to afford a sufficient sub-
irrigation for his crops. · 
P .A.STORAL INTERESTS. 
Baker City is the center of a large range-cattle interest. It is esti-
mated that there are from 75,000 to 100,000 -cattle "on tlle range" 
within 50 miles of this place. Sheep llusban<lry is also an important 
interest. As elsewhere iu the arid region, it has been found that the 
range cattle business, in order to be secure against large winter losses, 
requires the cutting of large quantities of hay for feed during the 
winter months. 
Bay is not only an important crop for the use of horses, cattle, and 
sheep" on the range," but also for horses and cattle on farms. Tim-
othy an<l alfalfa are the most valuable hay crops. The timothy crop on 
good lauds is from 2~ to 3 tons to the acre. Alfalfa is cut twice and 
yields as high as 2~ tons at each cutting. It is found that both timothy 
and alfalfa, like the natural nutritious grasses, will cure perfectly in the 
open air. ·There is no crop more dependent upon irrigation than the 
hay crop. · 
Fruits and vegetables.-Tbe Baker Valley produces abundantly 
apples, pears, plums, cherries, peaches, apricots, and the smaller fruits 
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and berries. Fruit generally is free from insect pests and injurious para-
sites. Vegetabies of all sorts grow luxuriantly. The soil and climate 
are said to he highly fa?Orable to the culture of the sugar beet. 
The use (~f' fertUizers.-The more thrifty and industrious farmers 
spread their stable manure upon their lands, but many farmers waste 
jt. The general belief is that the water in the streams bear a fertilizing 
silt from the mountains. 
Summer fallowing.-Tbe practice of summer fallowing prevails to a 
considerable extent in the Baker Valley, as in other parts of the arid 
-region. The largest crops are generally the procluct of lands so treated. 
Phenomenal crops.-It bas been stated that 200 bushels of potatoes 
to an acre have· been raised as the product of a single crop. Cabbages 
are raised which weigh from 40 to 60 pounds. As high as 70 bushels 
of wheat have been harvested from a single acre. 
Markets.-rrhe local deniaud for hay, grain, fruit, and vegetables, 
· created by the mining, lumbering, and stock-raising industries not only 
absorbs the entire products of agriculture in this section of eastern 
Oregon, but renders necessary the importation of agricultural products 
from the Pacific coast, and from points east of the eastern border of 
the arid region. It is believed that the home market will increase 
quite as fast as the development of agriculture by any means of secur-
ing irrigi:ttion which may be devised. As a rule, the prices of agricul-
tural products in eastern Oregon and in Idaho are equal to prices in 
Porlaml, Oregon, or Kansas City, 1\fo., plus the freight cllarges on such 
products. · 
The miner's inch.-The somewhat variable unit of measurement, " a 
miner's inch," is defined by Mr. W. Dieterle, civil engineer and man. 
ager of the Baker Valley Irrigation Company, as follows: 
One miner's inch is equivaleut to 1,728 cubic feet of water in 24 hours. It is suffi-
cient to cover an acre of ground to the depth of l.HI feet once in 30 <lays. HencA 
the theory prevails that a miner's inch having a continual flow unring the seasou 
(120 da~' S) is suffici.:mt for the irrigation_ of 3 acres of ground. 
M.ALHEUR COUNTY. 
The southern portion of this county, covering two-thirds of its entire 
area, is mountainous, but embraces extensive and valuable ranges 
and many valleys, in which there will undoubtedly be considerable 
agricultural development in the course of a few years. The valley of 
Willow ~"""'.Bk is said to be a fine farming country. The valley of the 
Snake River, in Oregon, also embraces extensive areas of the finest 
agricultural land. These lands may be irrigated extensively from the 
mountain streams and also presumably from the Snake River. Large 
areas of bottom lands are being irrigated from the Snake River, in Cas-
sia County, Idaho, by means of current wheels anchored in the river 
or built along the shore, and it is assumed that similar irrigation can 
be practiced on the bottom lands of Snake River, in Malheur County, 
Oregon. 
THE STATE OF IDAHO. 
The orological features of the Pacific slope which determine the pre-
cipitation of moisture in Idaho llave been described in that portion of 
my report which relates to the State of Oregon. The topography of 
Idaho is in a general way fairly illustrated by the United States Land 
Office maps. It is a mountainous State, interspersed with numerous 
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valleys and With expensive pastoral lands. Its various drainage basins 
are t1ibutaries to the Columbia Riv6r, with the exception of the Bear 
River watershed, the waters of which flow intG Great Salt Lake, in the 
Territory of Utah. The Great Snake Rh er Desert constitutes t.he 
most remarkable topographical feature of t.Je State. This is a vast lava 
beu iut.o which or beiH~ath which all the streams flowing south from t.he 
vaRt mountain ranges and groups at the north are losL. There is ap-
parently 110 stream emptyjng into the Snake River on its northern side 
from Shot Gun River, in Bingham County, to Wood River, in Alturas 
County, a distance of over 400 miles. 
The law of u·ater rights. -- U uder the constitution of"Idabo "the use 
of all waters now appropriated, or which may hereafter be appropriated, 
for sale, rental, or distribution," is declared tQ be a public use, and 
snbjeet to the regulation and control of the State, in the manner pre-
scribed by law. The general drift of the testimony which I received 
was to the effect that the Territorial laws were inadequate to the proper 
protection of water rights, and that snch rights could only be deter-
mined ''at the end of a htwsuit." A bill defining water rights and 
providing for the administration of the law bas been before the State 
legislature. 
WASHINGTON COUNTY. 
The Weiser River bas a broad and fertile valley with many tributaries 
·on either side, all of which arc bordered by fertile lands. Abundant 
·evidences exist of a large underflow. There is more water in the river 
in the upper part of the valley than in the lower part. A few feet be-
neath the surface an underlying gravel is found, and water can be ob-
tained only 15 feet beneath the surface. 'rhere are twenty-six ditches 
.in WaEhingtou County, and over 200 water rig·hts have been recorded. 
Mr. Thomas 0. Galloway, of Weiser, states that there are twenty 
·streams emptying into the Weiser, each one of which affords the natural 
facilities for abundant storage of water at comparatively small expense. 
Be believes that by means of proper storage and irrigating ditches Man's 
·Creek could be made to irrigate 10,000 acres of land. The Weiser and 
·other valleys of Washington County where irrigated produce abundantly 
bay, grain, and vegetables; also fr·uit of the hest quality, including 
.apples, pears, peaches, plums, and prunes. Already the oounty is 
:shipping bay to Portland, Oregon; also bay and fruit and vegetables to 
Butte, Montana, and to points in Idaho also. 
The average cereal yield of the grain crops of Washington County are: 
·wheat, 40 bushels per acre; corn, 50 bushels per acre; oats, 60 bushels 
per acre; barley, 50 bushels per acre. The water from the mountains 
bears an abundant fertilizing silt, and barnyard manure is generally 
wasted. There is a large range-cattle iiiterest in Washington County, 
and the practice of providing bay for such animals during the severe 
weather of the winter months is increasing. 
There are no artesian wells in Washington County. Mr. Sol. Has-
brouck, clerk of the supreme court of Idaho, strongly recommends the 
construction of a series of reservoirs in the small valleys of the tribu-
taries of the Weiser River. 
ADA COUNTY. 
There are from 30,000 to 40,000 acres of land irrigated in the vicinity 
of Boise City by means of ditches taken out of the Boise River at 
points above and below that city; wldle the works of the Idaho Mining 
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and Irrigating Company, now in progress, provide for the reclamation 
of 350,000 acres of additional land. 
The dimension, grad~ and other data concerning this work are indi-
cated as follows: 
IDAHO MINING AND IRRIGA'l'ING COMPANY'S MAIN CANAL. 
First section, head to Five-Mile Creek (grade 2 feet to mile): Bed 
width, 40 feet; top width, 70 feet; banks, 12i feet high; depth, 10 feet; 
area, 550 square feet. Velocity, 4.7 feet per second; flow, 2,585 cubic 
feet per second. . 
Second section, Five Mile Creek to Ten Mile Creek (gracle 2 feet to 
mile): Bed width, 40 f~et; top width, 67 feet; depth, 9 feet; area, 481.5 
square feet. Velocity, 4.52 feet per second; flow, 2,176 cubic feet per 
second. 
Third section, Ten Mile Creek to Indian Creek (grade 2 feet per mile): 
Bed width, 40 feet; top width, 65.5 feet; depth, 8.5 feet; area, 448.4 
square feet. Velocity, 4.41 feet per second; flow, 1,977 cubic feet per 
second. 
Fourth section, Indian Creek to bP.ad of main branch (grade 2 feet 
per mile): Bed width, 35 feet; top width, 59 feet; depth, 8 feet; area, 
376 square feet. Velocity, 4.2 feet per second; tlow, 1,579 cubic feet 
per second. 
Main branch, first section (grade 4 feet to mile): Bed width, 35 fAet; 
top wid.th, 51.5 feet; depth, 5.5 feet; area, 237.88 square feet. Velocity, 
4.73 feet per second; flow, 1,125 cubic feet per second. 
Main branch, second section (grade 4 feet per mile): Bed width, 30 
feet; top width, 45 feet; depth, 5 feet; area, 187.5 square feet. Veloc-
ity, 4.5 feet per second; flow, 84:4 cubic feet per second. . 
The main canal of the Idaho Mining and Irngation ComJHlllY takes 
water from the Boise River at a point 10 miles above Boise City. The 
reservoirs of this system, five in number, are located on SmHh Creek, 
I•'all Creek, anrl Blind Creek. Their total capacity is 9,618,048,000 
cubic feet. It is estimated that the dams necessary for tbe formation 
of tbese reservoirs can be ~onstrueted at a cost of only $142,217, and 
that the additional quantity of water thus impounded will be sufficient 
to supply the needs of the area to be reclaimed during the season when 
the supply direct from the mountains would be insufficient. It is ex-
pected that the works of the Idaho Mining and Irrigation Company will 
be co~pleted about the spring of 1892. 
ARTESIAN WELLS. 
A series of remarkable artesian wells are located about two miles 
from Boi8e City, and at an elevation of 163 feet above the Boise River, 
or about 152 feet above the main business street of the city. This source 
of water supply was discovered in the month of .lVIay, 1890. The cir-
cumstances of the discovery were as follows: There was a slight surface 
indication of a spring in the gulch in which the wells are located. By 
boring to a depth of about 65 feet, the supply was struck. There are 
two c.,mpanies now engaged in conveying water to Boise City from this 
Aource of supply, which, in so far as yet dev~loped, is embraced within 
a space of 500 feet by 700 feet. The reservoir of the company whose 
works were shown to me is 200 feet long by 50 feet wide and has a 
depth of 8 feet. It has a capacity of 550,000 gallons, and can be filled 
by the five wells which flow into it in about 12 hours. 
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The water was struck in a very soft sandstone rock, which extends 
from about G feet below the surface of the ground in the gulch to a 
depth not yet ascertained. Boise City, which has a population of about 
5,000, and is now supplied with water from thiR source for domestic, 
fire, and to some extent mechanical purposes. Water can be tln·own 
to a height of 85 feet, through hose with an inch nozzle, by the prts· 
sure from the reservoir. 
BOISE COUNTY.* 
This county is rough and rugged and is strictly a mining country. 
The valleys are generally too elevated for successful agriculture. Some 
gTain is raised in the valleys. There are but few fruit trees; but the 
mines are rich, abounding in gold, silver, and lead, and timber is abun-
dant. The industries to which these resources give rise afford markets 
for the agricultural products of other counties. There are, however, 
excellent locations for reservoirs, the waters from which could be util-
ized in the irrigation of the arable lands of Ac.la County, and a small 
portion of Washington County. The western portion of Boise Oounty 
has extensive stock ranges. 
There are many mining ditches, but few irrigating ditches. To some 
extent farms are supplied with water from mining ditches. But farm-
ing cuts but a small figure in a county of 7,000 to 8,000, where 80 per 
cent. of the laboring classes are employed in the mines. 
ELMORE COUN1'Y. 
Its arable lands are situated between the base of the mountains and 
the Snake River. A ditch has been run from Little Camas Creek by 
which about five sections of land are irrigated. The elevation of these 
lands above sea level is about 4,500 feet. All the lands south of the 
mountains, through which a large number of creeks run, as shown on 
the map, are Snake River Valley lands, and :ue believed to be irrigablt> .. 
It bas been proposed to carry the water of the South Boise across the 
low divide which separates the valley of that river from the Snake 
River Valley lands just mentioned, and Mr. White expressed to me tile 
belief that this can lle done without interfering with the irrigation of 
lauds in .Ada County. There is a scheme on foot for irrigating the 
val1ey of Canon Creek. It is believed that about 1,400 acres of land 
can thus be reclaimed. 
ALTURAS COUNTY. 
Strictly speaking, this county is a mining county. The irrigable lands 
are comprised maiuly in the valless of Big Wood River, Little Wood 
River, Lost River, and the valleys of the tributaries of these streams, 
all of which head in the Saw-Tooth Range, where the snowfall is very 
heavy. lu the spring of the year these streams carry au immense body 
of water, which it is believed can be stored and utilized in irrigating· 
the Snake River Valley oelow 'Vood River. There is a large body of 
good arable land on Big Lost River, between the point where it comes 
out of the mountains to Barnett's, and thence all along its northern 
border to where it disappears beneath the vast lava plain. There are 
also on Big Lost River and its tributaries abundant facilities for reser-
voirs. 
lt For the count.y statements herein made Mr. Nimmo exprEisses his indebtedness to 
the members of the State legislature. 
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LOG.A.N COUNTY. 
There is a large amount of arable land in this county, but at the 
present time a lack of water supply. Camas Prairie is in the northern 
part of the county. It is a mountain park, about forty miles long by 
ten miles wide, having an elevation abo,re sea level of 5,300 feet and 
lying on both sides of Malad Creek. Both Senators Smith and Gunn 
express the belief that an &dequate supply of water can be secured by 
storag.e at the head of the valley and on the tributary streams from 
the north. In the ab8ence of such storage, the water supply usually 
fails about July 1. In favorable years, excellent crops of grain, hay, 
and vegetables are secured, but irrigation is needed for the full devel-
opment of agriculture. North of Uamas Prairie there is a high moun-
tain horse and cattle "range country." There is a considerable amount 
of good irrigable land on Little Wood River. 
CUS1'ER COUN1'Y. 
'J.1he valley of Lost River is about 60 miles long, and varies in width 
from 2 to 8 miles. It has about 10,000 acres of good irrigable land. Not 
more than 10 per cent. of al1 these lands are now irrigated~ but it is 
the belief of Senator Shoup that tlle entire area could be reclaimed by 
means of a system of storage reservoirs, and that the people will in tiwe 
be able to do all this for themselves without the aid of outside capital. 
It is his opinion also that it is not for the interest of tihe people of Ouster 
County that either the State or national governments should in any 
manner interfere with such development. 'rhe whole irrigation de-
velopment of tpe county appears to be entirely within the power of the 
people to accomplish, as no large nor very expensive works will be in-
volved in su.ch development. 
The lands in the lower valley of Lost River produce the cereals, veg. 
etables, hay, and the hardier varie~es of apples. The mining camps 
furnish an abnmlaut market for these products; beside~, large quanti-
ties of food are imported. into the county acro~s the mountains. Sen-
ator Shoup believes t,he desert land law is still beneficial to his county. 
Hound Valley, about 10 miles in diameter, in which Challis is situated, 
has an excellent soil. Tlwre is but a small quantity of arable land on. 
Salmon River. The Pahsamarie River has a narrow valley, in which 
are some good lauds. Here about 40,000 bushels of wheat and oats are 
raised. The altitude of Pahsamarie Valley is about 4,500 feet at its 
lower end. Senator Shoup thinks there is now 100,000 acres of land in 
Ouster County which can be irrigated without reservoirs, and that this 
can be largely increased by the use of reservoirs. 
LEMHI COUNTY. 
Lemhi River Valley is about 65 miles long and has an average width 
of about 3 miles. The farmers take water fi'om the side streams, and 
only cultivate the bottom lands. It is belie,·e<l that by l-Qeans of a sys-
tem of reservoirs a large amount of bench land might be reclaimed. At 
the head of Lemhi River there is a broad valley about 10 miles wide. 
It is belieYed that large bodies of land could be reclaimed by meaus of 
reservoirs. The princip1tl agricultural products of Lemhi County are 
grain and vegetables, which find a good market in the mining camps. 
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CASSIA COUNTY. 
There are a large uumber of small irrigatiug ditches in various parts 
of the county. Very much may bP. accomplished by means of reservoirs 
on all the streams which head iu 1 he mountains at the south and empty 
into Snake Uiver; also on many of the tributary streams. Au ade-
quate reservoir can be constructed on Goose Creek for $10,000, and also 
one on Haft River for about the same amount. At the present time 
there are no reservoirs in the county, as there is not capital enough for 
such worl{S. 
'l'he soil of Cassia County is excellent, protlucing in abundance, under 
irrigation, the cereals, vegetables, and fruits. The avera.ge wheat crop 
is about 40 bushels to the acre. The principal market for the agricul-
tural products of Cassia <iounty is in the mining camps of the Saw-
Tooth 1\Iountain country. 
Mr·. Frank Uiblett., civil engineer, under date of December 17, 1890, 
writes a valuable statement, which is attached. He suggests the use 
of current wheels in Snake River for the purpose of throwing water _ 
npou the adjacent bottom lands. This is an· ancient and where prac-
ticable an economical method of irrigation. He also speaks of various 
projects of great magnitude, one of which is that of taking water out of 
the Snake River .near Eagle Rock (now Idaho Falls) and carrying it in 
a, canal around the head of the various valleys of Oneida, Cassia, and 
Owyhee Counties, so as to reclaim a large body of land in these counties. 
This would be an heroic work, comparable to a Ganges Canal of Iudia. 
1\lr. H.iblett also calls attent.ion to the · enterprise already organized 
for utilizing the power of Shoshone Falls, said to be 200,000 horse-
po·wer at Jow water, for the purposes of hydraulic minin~: along the 
rh·er, and also for the irrigation of 100,000 acres of land. 
Artesian wells and 'ttnderjlow.-~Ir. Riblett states that no artesian 
wells have been bored in Cassia County, but believes there are immense 
stores of subterranean water, and that attempts to reach them would 
mf'et with success. He also believes that all the streams of the county, 
especially the sma1ler ones, are subject to underflow. 
BEAR LAKE COUNTY AND WATERSHED. 
The Bear Ri\'er watershed embraces a part of the Territory of Wy-
oming, Idaho, alld Utah, and is a part of the Salt Lake basin. The 
irrigable lauds of Bear Lake County are entirely comprised in tho Bear 
Lake Valle,r. Tbe sources of water are the Bear River and a large 
number of mountain streams. Water is taken out of the Bear River 
throughout its extent in Bear Lake and Cassia Counties, by means of 
low dams and ditches, which cover more or less of the strictly bottom 
lands. A very large amount of excellent bench lands may be reclaimed 
by means of reservoirs on the small streams from the mountains, which 
11ow discharge their waters before the season of irrigation is ended. 
Heservoirs can be constructed on all these streams. 
Thomas Fork. a valley about 20 miles long and from 3 to 4 miles 
wide, lies in the eastern part of Bear Lake County. This is a beauti-
ful and productive valley, tlle chief products of which are hay, grain, 
and vegetables. Here much could be effected by means of res-ervoirs. 
THE OWYHEE RIVER BASIN, OWYHEE COUNTY. 
l\1r .• J. C. Pence, a cattle-raiser who has resided for 21 years at Moun-
tain City, Nevada, on the middle fork of the Owyhee River, gave the 
agent an interesting accaQnt of this important section of Idaho, Ore-
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gon, and Nevada. 'rhe arable lands of this basin in Nevada are high, 
about 5,000 to 6,000 feet elevation, and are subject to early frost. They 
are rathee too cold for wheat, but produce oats and barley, also potatoes 
and other vegetables. The difficulty is that cattlemen have taken all 
the available lands along the north fork of the Humboldt River, aud 
along the middle antl south forks of the Owyhee Uiver, and thus keep 
settlers out. 
The Bruneau River of Owyhee County, Idaho, runs through a canon 
from 2,000 to 3,000 feet deep, with no opportunities for agriculture 
· except for 20 miles above its mouth. There is considerable irrigation 
by ranchmen on.the different branches of the Owyhee River in Nevada, 
but none in Idaho, as both the Owyhee and- south fork of the Owyhee 
in Idaho run through canons. The lower Bruneau Valley, about 20 
miles long and 1! miles wide, is irrigated·and in the possession of ra-nch-
men. There was a dam built across the Bruneau River about half a 
mile from its mouth, 28 feet high, from which a ditch supplied a large 
li>ody of land on tlle Snake Rtver bottom. This dam was carried away 
in the sprihg of 1890, but. is to be reconstructed at a cost of $75~000. 
The principal crop here raised is hay for stock "on the range;" fruit, 
vegetables, and grain are also raised to some extent. 
There is also considerable irrigation on Jordan Creek and its branches. 
This creek emptied into the Owyhee River in Malheur County, Oregon, 
These valleys are quite elevated. They produce hay, grain, and vege-
tables, but no fruit except small fruits ancl berries. The Salmon .Llllver 
runs through a canon in Cassia Oounty to the Snake River and admits 
of no irrigation. 
BINGHAM COUNTY. 
From Mr. G. G. Wright, of Idaho Falls, the following information 
concerning irrigation enterprises in the vicinity of Idaho Falls has been 
received: 
1. Tile Idaho Canal Company takes-water from the Snake River at a 
point 1~3 miles above Idaho Falls. It has a canal built down to Black-
foot River, and proposes to crPss tllat river into the Fort Hall Indian 
Reservatiou if satisfactory arrangements can ue made with the authori-
ties at Washington. lt covers 100,000 acres of land already filed upon, 
and canies 100,000 inches of water. 
2. 'rhe canal of l<laho Falls Company is now completed to a point 
just east of Idallo Falls. · 
3. The Farmers' Friend Canal Company, owne<l by farmers, is 12 
miles long. It takes water ont of the south fork of the Snake River, at 
a point northeast from Id~ho Falls, and carries 18,000 inches of water .. 
4. The Park and Louisville Irrigation Company has a small canal. 
5 The Burgess Cereal Canal is another enterprise just under way, 
The M·inl3r's -inch in Idaho.-The following definition of the miner's 
inch in Idaho, as a unit of.measurement, is given. 
1\ir. Willis S. Duniway, lawyer and rancher, of Houston, Ouster 
County, states that: 
An inch of water is the quantity of water which will flow continuously from a 
square inch opening under a pressure of 4 inches above the center line of the aper-
ture. Tbe equivalent of 90 miner's inches is a stream flowing in a flume, with a 
quarter of an inch fall to the rod, the stream in the flume being 9 inches deep. If 
this flume is 10 inches wide, it is found to flow abo.\"\t !)0 ~n,Qb.e~ of water, Q~ what 
would be 90 inches of water under a 4-inch pressme.. · 
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Mr .. C. H. Tompkins, jr., chief engineer of the Idaho Mining and 
Irrigation Company, gives the following definition : 
The miner's inch of Idaho is the quantity of water which wi11 flow in one second 
from an inch orifice, under a pressure of 4 inches on the middle line of the orifice. 
It is the one forty-eigbt.h part of a cu1ic foot of water per second. Iu agreements 
for the sale of water tb<:l Idaho Mining and Irrigation Company agree to furnish such 
flow for 24 hours as the unit of measurement upon which pnyments are to be made. 
It is found that one miner's inch of water flowing for 24 hours as just described will 
almost exactly cover 1 acre to a depth of one-half an inch, i. e., amount to about half 
au acre inch. 
ECONOMY IN THE USE OF WATER IN IRRIGATION. 
Mr. Willis S. Duniway, of Houston, Custer County, as thQ result of 
careful experiment and very close observation, expresses the conviction 
that grain which is sown in the fall upon ground well plowed and well 
harrowed in, and which bas the benefit of the winter snows, will not 
require in onlH to mature the crop, i.e., wheat, barley, or oats, more 
than from one third to one-half the quantity of water of irrigation which 
is requirPd for spring-sown grain. He states that grain sown in the 
fall, which has the bent>fit of a long continued snow covering during 
the winter, will need only one irrigation in order to mature it, and that 
in case of an open winter, or small snow fall, it will require two irriga-
tions; whereas grain which is sown in the spring always needs three 
irrigations, and in the case of an open winter or small winter precipita-
tion, will require four irrigations. This fact he declares that he has 
fully demonstrated in Custer County. 
Fall sowing, therefore, subserves two important economies: First, 
the saving of the water of irrigation, and second, the labor involved 
in irrigation. A.s the quantity of land which can be reclaimed depends 
entirely upon the amount of water which can be secured for irrigation, 
this view as to the economic use of water has an important bearing 
upon the general subject of the reclamation of arid lands. 
lVater-rights in the States of Montana and Idaho.-In Montana and 
Idaho it is almost impossible for a man to acquire title to a water-right 
except at the end of a lawsuit. In other words, the administrative 
features of the laws pertaining to water-rights are so illy defined that 
it is necessary in almost all cases when the contesting parties can not 
agree to have recourse to a judicial decision, "\\ith all the vexations 
and damaging delays incident to such mode of procedure. The people 
of both these States are earnestly seeking a solution of this difficulty 
under the general provisions of the law of appropriation for beneficial 
uses. 
Civil Enginee1· RibTett's paper. 
JosEPH NIMMO, Jr., 
ALB:oN, CASSIA COUNTY, IDAHO, Decembe1• 17, 1890. 
Special Agent Department of Agricultm·e, 
Boise City Idaho: 
DEAR SIR: Your circulars and inquiries received sometime since. In general an-
swer to inquiries, will say that no very great progress has been made in irrigation 
mat.terH in this section of Idaho since the visit of the Senatorial committee last year. 
There are some matters, however, that are wort.hy of mention. The use of current 
wheels running in Snake River for the pnrpose of raising wat.er is becoming extensive, 
notably at Story's Ferry, at Starrh's Ferry, and at Anderson's, just below Starrh's 
Ferry. 
Mr. A. A. Hard is superintendent of the works at Story's Ferry and at Anderson's. 
His post-office address is Tremont, via Albion, Cassia County, Idaho. 
Mr. T. A. Starrh has a wheel at Jessie, Cassia County, Idaho; also Mr. Samuel 
Holt. 
S. Ex. 53--12 
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This last season the Alturas Land and Irrigation Company was incorporated under 
the laws of Utah Territory, for the purpose of diverting the waters of Snake River, 
at a point near Story's Ferry, for the irrigation of large bodies of land in Logan and 
Cassia Counties, in the State of Idaho; also to furnishing water for the development 
of placer mines, and for water-power and other purposes. The intention is to span 
Snake River with a dam 5:3 feet in height. The situation for a dam is very favor-
able. The start of this enterprise was mentioned in the report to the Senate com-
mittee. The original locators have transferred their interests to the incorporated 
company mentioned above, retaining a portion of the stock. 
The officers of the Altnras Laud and Irrigation Company are N. Treweek, presi~ 
dent; William Babcock, jr., vice president; C. T. Stevenson, secretary and treasurer, 
room 49, Scott-A11erbach Building, Salt Lake City, Utah. 
Locations of water rights were lately made at the Shoshone Falls and at the Twin 
Falls (3 miles above the Shoshone Falls) by G. V. Bryan, Maj. Edmund Wilkes, F. 
M. Washburn, Gljorge M. Parsons, Texas Angel, and Samuel Friend, for the purpose 
of diverting the waters of Snake River for domestic, mining, manufacturing, agri-
cultural, power, and otller purposes. The notice of location reads that they intend 
carrying the wate1·s (after diverting them) down the river about a mile, then they 
can be carried down the river by means of flumes and other conduits to great dis-
tat lees, for the purpose of furnishing water and hydraulic power for the great num-
ber of rich bars that are found along the river. The surplus power can be used for 
the purpose of throwing the surplus water to the top of the bluff for all purposes 
mentioned in the location notice. 
A great manufacturing city could be located ou top of the bluff in Cassia County, 
and great bodies of fine agricultural land stretch off in the distance to the south and 
west. The falls furnish at least 200,000 horse-power (available) during low-water 
time, and enough water can probably be thrown to the top of the bluff after other 
uses are supplied to irrigate 100,000 acres of land. 
Texas Angel, of Hailey, Alturas County, is the president, I believe; G. V. Bryan, 
a prominent mining man, is also of Hailey. Major Wilkes, who is also concerned in 
the Utah and Idaho R.ailroad scheme, resitles, I believe, in Salt Lake. He is a greal 
civil engineer and railroad promoter. George M. Parsons is a prominent attorney of 
Hailey. I am informed that F. M. Washburn is a member of a Minneapolis invest-
ment co~pany. I am not acquainted with Mr. Friend, but am informed that he is a 
man of prominence in the Wood River region. 
The project is a magnificent conception, is entirely feasible, and will be a grand 
achievement. The Twin Falls has (we understand) been selected for the crossing of 
Snake River by the Utah and Idaho Railroad. No artesian wells have been bored, or 
no such work is now in progress in Cassia County, although the indications of im-
mense stores of subterranean and artesian waters are favorable in many places. We 
think such wells would be a success in Cassia County. 
The waters of all our strflams, especially the smaller ones, are subject to underflow. 
The waters generally reappearing below in the bed of the same stream, although 
this is not always the case. Some of these waters probably do not show again until 
they reach Snake River. 
Canals in places are subject to great seepage until the bottom becomes puddled by 
the sediment. No irrigation is done by means of pipes or other subterranean conduits, 
alt.hough I think it could be extensively nsed to advantage. No steam pumps are 
used; fuel is too expensive. .A poor quality of surface coal has been discovered on 
Goose Creek. Campers have used it to cook their meals. Further and deeper inves-
tigation may disclose good coal. 
One of our great present and pressing needs is Government surveys. Many settlers 
are located upon unsurveyed land. In Logan County the great body of lands to be 
covered by the proposed system of canMls heading near Story's Ferry is unsurveyed. 
If the canals are taken out, or work is even started, these lands will be immediately 
taken up and almost endless confusion will result. 
The only way Snake River can be t31pped high enough to cover the greatest part 
of the Cassia County lands is to go about or above Eagle Rock, swing around through 
Bingham and Oneida Counties, and around the upper part of Raft River, Goose Creek, 
and Sa.lmou Creek Valleys. By running on toward the Bruneau large quantities of 
Owyhee County lauds ma.y be covered. A similar system of canals can do much on 
the north side of Snake River; but this will require the construction of large reser-
voirs, for which the country around the head of Snake River affords peculiar facili· 
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Statement by Mr. Thomas C. Galloway, of Weiser. 
Land in Washington County without water, except on the narrow strips along water 
courses, is valueless for farming or grazing purposes. With water it is worth $20 to 
$25 per acre. 
Water contains all the fertilizers necessary to produce abundant crops thu~ far. 
Corn, oats, and barley mature in four months, wheat in five months. We have a 
home market for all we raise usually. This year we are shippin~ hay and potatoes 
to Montana, hay to Portland, Oregon, and potatoes to the Missouri River. 
Our fruits and garden produce being of superior quality and texture command the 
highest price where samples have been forwarded. 
We have no unit of measurement. What is called a" miner's inch" is a very in-
definite quantity. 
A.s most of the land is of a granite sand formation, and the surface incline~ to the 
water courses, no drainage is necessary. The soil is from 10 to 30 feet deep. 
As nearly all ditches in southern Idaho pass through chalky bluffs, seepage is very 
great. With use and puddling with sand, the bottoms and banks in time become 
:lhm and water-tight. The sediment in times of a freshet is the best puddling agent. 
Washington County has a watershed of its own, in the shape of a horseshoe. The 
Weiser River and its twenty-five tributaries furrtish the water. 
There arethree large ditches and many small ones. The largest is 17 miles long, 14 
feet wide at the bottom, and has three-eighths of an inch grade to 100 feet. 
There are 10,000 acres ofland nuder the ditch, above and below Weiser City. The 
cost of construction was $40,000, and it will require $10,000 to complete the same. 
The property is owned by an incorporated company, with office at Weiser City. 
Water is sold at $1 per inch, measured under 4 inches pressure; cost per acre 
about $1 per year. 
Washington County furnishes the best possible field for local experiment. Dams 
or reservoirs could be cheaply and substantially constructed to hold back the abun-
dant supply of spring for summer use. Not more than one-tenth of the half million 
acres of land in this county can be safely improved with the present supply in July 
and August; for we occasionally have dry seasons following a light fall of snow in 
tlw-mouutains, which would make farming unproductive and uncertain. 
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IRRIGATION STATISTICS AND PROGRESS IN COLO-
RADO FOR 1890. 
By L. G. CARPENTER, 
Professor of Irrigation Engineering, State Ag1·icultu1·al College. 
WATER SUPPLY OF THE YEAR. 
It is too well known to repeat that the source of the water supply of 
Colorado is the mountain snows, which, falling in winter, last until late 
in the summer. Consequently the farming communit.y watches the 
gathering snow upon the mountains through the winter with much in-
terest, for the prosperity of the community will largely depend upon 
its amount. The streams, fed by the melting snows, partake of the 
character of such streams, small in winter, with the returning warmth 
of spring they increase and rise steadily as long as the fields of snow 
remain practically undiminished in size. Then there comes a limit 
antl though the heat is greater, there is less snow to melt and it is largely 
on the northern slopes and in the gulches. The maximum usually 
occurs in May or June. So closely is the connection between the melt-
ing snows and the streams that the daily heights of the rivers show 
markedly the variation due to the heat of the day and ·the freezing of 
the night. A cold spell of weather is followed immediately by a fall in 
the streams. 
During the winter of 1889-'90 the farming communities felt satisfied 
that there was a large supply of snow in the mountains, and conse-
quently rested content in the spring when the flow of the first rise was 
going past, for they believed there would be an ample supply at the 
time when the ordinary irrigating season began. But as it proved they 
were greatly mistaken. Just as water was needed most a cold spell 
greatly reduced the insufficient supply, and there has been much suf-
fering of crops for water. The necessities of the year have caused a 
great deal of discussion as to means of increasing the water supply. 
The following have been the maximum discharges of the streams 
named during the year, in cubic feet per second: 
Stream. Discharge per second. 
Oubicjeet. 
Date. 
Cache ala Poudre............ ..•••• .••.•• ...... .•.••• ....•. ...... ........ ........ 1, 804 .June 2 
Big Thomprron........................................... .................. ...... 675 July 21 
St. Vrain......................................................................... 544 .June 2 
:Boulder CrAek....... ... .. . .. .. .. .. .. .. . .. .. . .. .. . . ... .. • .... .. . .. .. . ... .. .. . .. .. 1, 200 Aug. 11 
South :Boulder . . .. .. . • • . • .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. . • . • • • . . . . .. .. . .. . . .. .. . 544 May 28 
:BearCreek....................................................................... 75 .July 22 
~rk~n~~:~!v~~-~~~-~~~-~~~ ::::::·:::::: :::::::::::::::::::::::::::::::::::::::::: ...... 3,"27o · · M~y · 28 
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The following have been the corresponding flood flows for some other 
years: 
Stream. Maximum flow. 
Oubicjeet. 
Cache ala Poudre ....... ............. .•.... ............ ...... ...... ••.... 5, 600 
Do................................................................... 3, 850 
~tgJIY~~~~~::: :: :~~~:: :~~::: :::::::::::::::::::::::::::::::::::::::::: ~Hi 
Boulder Creek........................................................... 325 
South Boulder........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230 
Bear Creek.............................................................. 130 
ClearCreek.................... ............ ............••.....•.......... 490 
South Platte............................................................. 7il0 
Arkansas River......................................................... 2, 750 
Date. 
J nne 28, 1884. 
June 5, 1885. 
May 30, 1886. 
June 19,1888. 
June 16, 1888. 
June 19, 1888. 
Do. 
Do. 
June I, 2, 3,1888. 
June 13, 14, 1888. 
June 21, 22, 1888. 
June 19, 1888. 
The last river had a m·...,ximum flow of 7, 700 cubic feet per second May 
29, 1886; of 6,500 cubic feet per second July 18, 1887. These are all 
part of the drainage system of eastern Colorado. 
WATER DIVISIONS. 
In Colorado the waters of the State, flowing in their natural channels, 
are declared ~o be the property of the State, and the State in some 
measure exercises a control over them. For the purpose of administra-
tion the State is divided into numerous water districts, each having a 
water commissioner, if the people of that district think it is necessary, 
and these districts are combined into a few divisions. The divisions 
consist of all the tributaries of some principal line of drainage, and. ex-
cept in a few cases, no more1 it is convenient to refer to the various 
divisions by number and they are therefore given here. -They are as 
follows. 
DIY. I.-The South Platte and its tributaries. In addition it in-
cludes the area in North Park, drained by the North 
Platte, and a small area in eastern Colorado drained 
by Frenchman's Creek and theN orth and Middle Forks 
of the Republican, not important enough districts to 
constitute separate divi::;ions. 
Drv. II.-The Arkansas River and its tributaries. This division 
likewise includes small areas drained by the South 
Fork of the Republican and the Cimarron, which do 
not flow into the Arkansas within the limits of Col-
orado. The largest amount of irrigation development 
in 1890 in the way of canal construction has been done 
in this division. 
DIV. III.-The l{io Grande River and its tributaries iri Colorado. 
This consists principally of the San Luis Valley and 
the area watered by its immense canals. 
Drv. IV.-The tributaries of the San Juan. This is in southwest-
ern Oolorado and is the smallest of the divisions. 
Drv. V.-The Grand River and its tributaries. This is in west. 
ern Colorado and, like Divisions IV and VI, is en-
tirelv west of the continental divide. 
Drv. VI.-The tributaries of the Green River. The rivers which 
drain it immediately are the Yampah or Bear River 
and the White. 
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Of these divisions No. I is that which has been settled the longest, 
Las tile greatest devtl0pment of agriculture and irrigating interest~, 
and is crowding its present water supply the most. 
TLe following are the amounts of water decreed by judicial investi-
gation as far as decrees have been rendered: 
Ot the 67 water districts into which the State is divided, many have 
not yet rendered their decrees. Many of the districts have been slow 
in securing decrees, for as long as there has been plenty of water in the 
stweial district there would be no immediate advantage of iucurring 
the expense of investigating the claims of the various users. Uutil this 
is done there is no official determination of the amounts of water to 
wuich each canal is entitled. Still, it should be said, that the decreed 
amounts often bear lmt little relation to the capacity of the canal. This 
is due largely to the lack of knowledge of the meaning of the unit 
·used-a cubic foot per second-and to lack of sufficient knowledge ofthe 
flow of water on the part of many intrusted with this important deter-
miuation, as well as from the fact that the public had no one to officially 
represent them. In consequence the decreed amounts are frequently 
largely iu excess of the carrying capacity of the ditch. The older dis-
tricts of the State are tlwse most subject to these decrees. If compari-
son be made between tLe decreed amounts and the maximum flow of 
the strearm;, it will be noticed that the decreed amounts largely exceed 
the flow of tl:.e stream, even at its maximum. The decrees of district 
23 have been given this year. That of district 20 has been in court for 
a year or more past, and it is soon expected to be rendered for that dis-
trict, which, if gauged by the number and importance of its large 
ditches, is the most important district in the State. 
Number of distt·icts and amounts of watm· decreed in each pet· second. 
Cubic feet. 
1 ..•• ···••· ...• -·-· ··-- ···- ------ ..•• ------ ---··· ·----· ···--· ···- •••• 3,026. 00 
2 . ..••. --···----· ···--- .... ------ ···- --·- ·----· ·--- ·----- ··---- ...... 3,480.8~ 
3- ... --.-- .• ----. -.-.-. --.- -... ------ . ----. -- ••• - ••. -- .. ----- ••.• ---- 4, 636. 62 
4 .• - - - • - - - • -. - ••• - - - - - - . - - --. -- - -- - -- - - • - •• -- •••• --- •• -- • -.- - -- •• --.- 2, 527. 73 
5 ...• -----· ---- ···-·· ... ----· ·----· ·----- ·---·· ·--- ·-· --- ··---- ···-·· 2, 856.19 
6.- .. -- -.-. ---- -•. - .. ---- . -... ---- ... - •. -. -- ... ---. ---.- .. --- ---. ---. 4, 84 0. 99 
7.--.-. --.- -... -. --.- .. ---- --- .. ---- .. ----- . ----- . ----- . ----. - ... ---. 1, 180. 00 
8 . - - - • - • - - - - - - •• - •• - ••• -- •• - --. - - - -- • - - - • - •• -- • -- - --. - •• -- • - • -- - - - • -. 2, 4\:!tl. 68 
9.-.-- .. - .. --- .. -..... -- .... - --.- . - .. ---- •.. -- ... --- .. -... ---- ... ---. 437. 55 
10.--- ...• -- ". --.- . ---. • ----- ---- •. -.- .• --. - ... -- .. -.- •.. --- .. --. . . . . *770. 82 
11 ................ ·----· --·· ·----- ··--·· ·--··· -----· .•.. ·----· ---- --·· 673.00 
16 ... - - .. - . - ...... - ....•. -- •• - --- ... - -- - .. - - - .. - - - .....• - - • -- .• --. -.- - 402. 00 
~3 .. ---- . ----- -.--- .. -- ..• -.-. ---- .•••• - . ---- •. ----- . -- ...• -- .• -- .. --. 4, 635. 00 
37. - - -- - . - . - -- . - . - - . - - . - .• - -- •. -- •••.. - . - - - - - . - - - - -•...•. -- - •.. - - . - - . . . 192. 00 
38 ... --. - .•• -.--- •. ---- •• -.-- •• ----. ---- -----. ---.- •• ----. -.--- .• ---.. 545. 00 
39 . - - - - • - - - - - . - • - - - - . - - - - ••.•••• - • - •. - .. - - - - - - • - - - - •• - - •• - • - - • • - - • - - - • 368. 00 
40 . . - - - •• - • -••. - - - ••• - •• -••• - ••• - •••• - - • - - - - - - • - - • - • - •• - . - • - - • • - - • - - • • 797. 00 
41 ... -- ... --- •. - .• - .... -.- -.. - .. -. • • • • ----. --- ....... -- .•. ---- ••• ---. 1, 289. 00 
*State Engineer Report, 1888, gives the appropriation at $779.99. 
AREA. "UNDER DITCH." 
The following is an estimate of the area ·,, under ditch" in. Colorado 
at the present time. By this area we mean that which lies under the 
Jine of some existing canal and could receive water from it by gravity. 
'l'he possibility that there may not be sufficient water to supply these 
areas is not tal\ en into account. 
The estimate of areas as pnulisbed in the annual report of the Colo-
rado Agricultural Experiment Station for 1889 was based largely upon 
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unpublished data, including maps of the routes of canals. The present 
one is based upon additional information of the same kind, supple-
mented by information collected by personal visits to various parts of 
the State, and includes the canals constructed during 1890, but includes 
the areas only to the points where constructed. The record must be 
looked upou as incomplete, especially for the divisionH west of the con-
tmental divide. These flivisions consist almost entirely of narrow 
mountain valleys, where the ditches are short and small, and where it 
is difficult to secure information. In these divisions the aggregate may 
quite likely exceed that given here by a considerable amount. 'Tlw 
estimate of 1889 made the area under ditch as 4,500 square niiles in 
round numbers, or 3,000,000 acres. The present estimate makes it to 
be more than a third greater. '!'his increase is not entirely due to new 
construction. The area assigned to Divisions IV, V, and VI was shown 
by more complete information to be too small. But the area brought 
under ditch for the first time this year e.x:ceeds three quarters of a mil-
lion acres. 
Square miles and acres covered by ditch in Colorado. 
Division I: Square Miles. 
Platte below Poudre .••• .....• .••••. ...• ...•.. ..•• .••.•• ..••.. .••••. 283.21 
Platte above Poudre, with Bear and Clear Creeks ....••.... "' 551.04 
St. Vrain and Bowlder..................................... 294.59 
Big 'l'hompson . . • • • • . • • • • . . • • • • • . • • • • • . • • • • . . . . . . . . . . . . . . . . . . 134. 21 
Poudre. --~- ......••••...•...••••........ ·... .... .... .... .... .•.• .. 393.!14 
North Park......................................................... 250.00 
South Park......................................................... 100.00 
District 65 added since last year . . • • •• • . . • •• • .. • . ••. • . • • •• • •. • . .• • • . . 40. 00 
Or 1,309,t!18 acres. 
Division II: 
Arkansas River east of Pueblo, north side ..•••••• ··~··· ••••••••.••••• 
Arkansas River east of Pueblo, south side ........................... . 
:tluerfano, Cuchara, La Veta, Apishapa, and others .••••....•.•••••.• 
Upper Arkansas and Canon City and Fountain .••••••••••••••...•••.• 
Or 1,054,918 acres. 
Division III: 
San L n is .....•...••••••••••.••••••••••••••••••.••••••••••.••••••••• 





Florida ... -.- ...•.••.••••.•.••....•.•.••••.••.••.•..•.............••• 
La Plata ....••...••• · ••••.•••••••.•••••.••••..•••••.••••...•••..•••.• 
Animas ..•••••••••••••.•••••••••••••••••••.•••••.•••...•••••...••••• 
Or 170,880 acres. 
Division V: 
Grand River above Junction ••••.•••••••••••••••••••••••••••••.••••• 
Grand Junction .....•••••••...••••••••••.•...•••.•..••.••..•..•.•••• 
Montrose .....••.•••.•...••..•••••.••••.••••..••••••••••.•••.••••••• 
Additional ..•••.••••••.••••••••••••••••••••••••••••••••••• -~-· •••••• 
Or 332,800 acres. 
Division VI: 
Bear and White Rivers .•••••••••••••••••••••.••••••••••••••••••••••• 
Or 1~H,OOO acres. 
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AREA IRRIGATED. 
The following is an estimate of the area irrigated in some portions of 
the State during 1889 and 1890. The areas given for the various dis-
tricts of Division No. I, are mostly obtained from the official reports of 
the various water commissioners to the State Engineer. The amounts 
reported by them are generally based upon reports to them by the 
various ditch superintendents, and while these can not be looked upon 
as strictly accurate, they have the advantagP- of estimates made by 
men who are familiar with the lands waterec by the various ditches. 
The area given for Division I is the most reliable. Those next in ac-
curacy being Divisions II and III. The estimates for the other divisions 
may be very far from the truth, but are here given as a basis for cor-
rection. 
Inigated area. 
Division and dietrict. Stream. 
1889. 
Division I, Platte Valley: .Acres. 
! ......................... South Platte....................................... 24,175 
64 ............................ do.............................................. 24,610 
2 ............................. do ...... ...... ...... ...•.•.. .. ....•.. ..•.. .. ••. . 49,419 
8 ............................. do ...... ................ ...... ...... ............ 20,297 
3 ......................... Cache la Poudre .................................. 135,000 
4 ......................... Big and Little Thompson.......................... 91,037 
5...... ....... ...... ...... St. Vrain and Left Hand Creeks................... 94,013 
6 ........................ , North and South Boulder.......................... 77,683 
7 ......................... ClearCreek....................................... 87,926 
9............. .. . .. .. . .. .. Bear Creek .. • • . . • .. • . .. • .. . .. .. • .. .. .. .. • • .. • .. .. . 4, 965 
Bear Creek (from reservoirs) . .. . . .. . .. . .. .. . .. • .. . 5, 191 
North Park (estimate of B. F. Sturtevant) ................. . 
South Park ................................................. . 

















TotaL........................................ 614, 33-l 729,210 
*Districts 8 and 64 considered the same as in 1889. The last two items are uncertain, being based 
on insufficient data. 
Division II, Arkansas Valley: 
Arkansas River proper, under the Colorado and Kansas CanaL ...... . 
Amity ............................................................. . 
Black Canals ..•••........•••••••••..•••••.•••••..••••.•••••••••••••• 
Las Animas Town Ditch .............................. ·----- •.••.•.••. 
Riverside ..•....••....•.•••••••••••••••...••.....••••••••••••••.•••• 
Jones .....•.••..•..•.•••.•.•••••.•••••••••.• _ .. _. _ •.•• __ .• _ ••••• _ ••• 
A. R. L. R. & C. Co .•.•.•....••••...••.•••••..••••...••.•••••••••..• 
Rocky Ford Ditch .................................................. . 
Catlin ..•.....•••...••••••••••..•••••••••.••.••• ·----· ••.••..•.••••• 
Fowler or Oxford ••••..••••••.••••••••• ---- ••.••••••••••••••••.••••• 
Private ditches .•••••.•••••.•••••••••••••••••.•••• : .•••••.••••••••••• 
Total, Arkansas Valley below Pueblo ............................. .. 
District 14, lower middle Arkansas ..... ----~- ....................... . 
District 15, St. Charles .•••••••••••••••••..•.•.••.••••••••••••••••••• 
District 16, Huerfano ............................................... . 
District 10, Fountain ...•.•••.••••.•.••••.•••••.•••.••••••••••••••••• 
District 11, Upper Arkansas ....................................... .. 
District 12, upper central Arkansas ................................ .. 
District 18, Apishapa ..•..•••.•••••.•••••..••••••••.••••••.•••••••••• 






















Total, Division II....... .. • ••• .. • ••• .. .... •••••• .• • ••• •••••• .... .. 143,000 
211.500 
*The above estimates are froQ.l data furnished by J. H. Nelson, C. E., of La Junta, 
aud z. 'f. Duval, C. E., of Lamar. 
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Division III, the Rio Grande division: 
District 20, Rio Grande River ..••••••••••••.••••••••••••••••••••••••• 
District 21, Alamosa. .••••.•••••....••.•••••••••••.••••••••••• ~ ••••••• 
District 22, Conejos •••••••••••••.••••.••.••.•••••••••••••••••••••••• 
District 24, Culebra ....••...••••.••••..••••..•••••.•••••.••••..••••• 
District 25, San Luis Creek ..••.•.•••..•.•...•.••.••..•.•••••.•.••••• 
District 26, Saguache ....•.••.•••••.•.••....••.••••.•••.••••...••••• 








Total, Rio Grande division........................................ 320,000 
Division IV, San .Jnan division; total (rough estimate) .....•••...•.••••• 
Division V, Grand River division; total (rough estimate) ...•..••...•.••• 






Total for the State (approximate) .••••• ·-·-··· •••••••••••••••••••••• 1,585,500 · 
MILEAGE OF CANALS IN COLORADO. 
By adding the lengths of the canals in the various districts, we ob-
tain the following approximation to the lengths of the primary canals. 
With present knowledge it would be useless to make an estimate of the 
secondary. The estimate is quite reliable for all of division I, with the 
exception of district 23, or South Park, and is closely approximate for 
most of Divisions II and III. 
Division I: 
Districts land 64 .•••...••.•.•.••••••••.••••••••.••.••••..•••••••••• 
District -~---· ...•.•.••.....••.•...•.•...••••.•..•.......•..•..•••.• 
District J ...•.•••.•.......•.••••.•..•..•••.••.•••••••••....•••••..• 
District 4 ......••.•....•..........•....•••••••••.......•••.•...•... 
District 5 ..••..••••..•....••••.••••••.....•.•.••..•.•......•••....• 
District 6 •••••••••••••••••••••••••••••••••••••••••••••••••••• ··--·· 
District 7 .••....•••...•••.•.•.....•.••••.•••.....••...•..•.••.••••• 
Dist,rict 8 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
District 9 .•.........................•...............••.••..••.••••• 
District 23 (estimated, over 200 ditches) .•.••.•.. ____ .........•.••• 
Districts 46, 47, 48 (estimated, there are some 300 ditches) .•••.••••. 














Tota1, Division I.................................................. 2, 849.39 
Division II: 
District 10 .•.•••••••••••••••••••.•.•.••••.••••.....•.••••••••••••••• 
District 11 ...........•..••..••......•.••••••••.................••••• 
District 12 .....•••••••.•..••••...•....••.•••••••••••.•....•.•••.•.•• 
District 13 ........••••.........•.•..•.....•.•.....•.•.•••••....•.... 
District 14 ...•....••.••....••••.•••••.•.••••......••............•••• 
District 15 ........••...........••...•.•...........••.....•••••..••.. 
District 16 ..•.•....••..••••..••.....•.••...................•...•.••• 
District 1!l ...•......•..•••••.•.•......•...••..••.•••••..•..••••••••• 
District 66 ...••..•••••••••.......•..••••••.•••••.•...••....•••••...• 
Districts 17 and 67 .•....••.•••...•.•••...•••••..••••..• - ...• - ••••••• 















Total~ivision II .. •• .•• • ••• • • • • • •••• •• • . ••• • •••• •••• •••• ••• • ••• • 1, 247 
Division III, Rio Grande division, San Luis Valley ..•••••.•.••••• -.~---··· 
Division IV, total (incomplete) .........•...•••••.•••••.••••••••••.•••••• 
Division V, total (incomplete) ...•••.•..•••..•••••••..•.••.•.•••.•••••••• 







Total for the State ...••.••••••.•••••.•••••..•••.••••••••.••••.•••• 6,316.89 
This is undoubtedly too small. Throughout the mountain regions 
are numerous ditches, mostly short, which in the aggregate would add 
a considerable mileage. 
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The following is a rough estimate of the cost of the irrigation works 
of Colorado. It can not be considered other than an approximation, 
which is based on imperfect data, but as it is almost imposs1 ble to 1-Wcure 
the data sufficient to make a perfectly reliable estimate, the abo\·e is 
furnished as the best that can be had at present, ~nd a~ a fair estimate 
probably not far from the truth. If anything, it is below the actual 
amount of money that bas been in\7 ested, but with a. more minute sum-
mation it is not likely that the sum total will exceed $15,000,000. The 
sums here given are based upon a personal knowledge of much of the 
State, and of the cost of most of the large canals. Each water district 
bas been summed up separately, by adding the known cost of the indi-
vidual canals, or the assumed cost based upon a more or less intimate 
. knowledge of the size, length, and circumstances of construction. These 
have been added, and the sum is given for each of the principal water 
districts east of the mountains. A summation of the capital stock of 
the cor.porations would give a sum in excess of this, but their capital 
stock is often much greater than the actual cost. Such corporations, 
also, are sometimes unwilling that the true cost should be known. In 
the above summation it has been the attempt to estimate the actual 
cost. 
Estimated cost of canal const1·uction. 
Division and district. Stream. Cost. 
Division I: 
DiRtricts 1 and 6!1. • • • • • • .. South Platte ............................................. .. 
District 2 .................... do ..................................................... . 
District 8 .................... do .................................................... .. 
District 23 ................... do .................................................... . 
District 3 ................ Cache la Poudre .......................................... . 












District 6 ............ ~... Bowlder ................................................. . 
District 7...... . .. . .. . . .. Clear Creek .............................................. . 
DiRtrict 9.... .. .... .. . .. Bear Creek .............................................. .. 
Districts 46,47, and 48 ..•. North Park .............................................. .. 
District 6!'i............... Republican .................. ~ ........................... .. 50,000 
Total . •• • • • . • • • .. .. • . .. . • . • • • . • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • . • • • .. . 4, 800, 000 
Divi11ion II: 
District 17 ............... Arkansas River .••.••••••.•••••••••••.••••••••••••••••••••• 
District 14 ................... do .................................................... .. 
District 12 ................... do .................................................... .. 
District 11. ................. . do ...................................................... . 
District 19...... ••• •• . • . . Purgatoire River ......................................... . 
District 18 ............... Apishapa ................................................. . 
District 16. .............. Ruerfano ................................................ .. 
District 15............... St. Charles .............................................. . 
Di,;trict 13............... Grape Creek ............................................. .. 












Total . • • • . • • . • • • • • • • • • • . .. • • • • • • • • • • • • • • • . • • • • • . . • • • • . • • • • • • • • • • • • • • • • • . • • • . • . • • • • • . 2, 005, 000 
Division III : 
District 22.......... ••• •. Conejos River .•••.•••.•..•••••••••••••••.•..•••••••••••••. 
District 21. .............. La Jara .................................................. .. 
District 2-! ............... Culebra .................................................. .. 
District :'!5.. •• .. .•. .. .. .. Trinchera ................................................ .. 
District 25.......... .• . .. San Luis ................................................ .. 
District 27. . . . . • • • • . • • . • . Carnero, La Garita ....................................... . 
District 26......... .•• • . . Saguache ................................................. . 









Total • ••• •• • • • • •• • • • • .. .. • •• • • • ••••• •• • • • ••• • • • • •• •• • • • •• • • • • • • • • • • • • • • • •••••••••••. I, 890, 000 
= 
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Estimated cost of canal construction-4-Cont,inued. 
Dinsion and <listrict. Stream. ,. Cost. 
Division IV : 
District 29 ............... Piedra, etc ................................................ . 
DiRt.rict 30 ..••••••• ,. •••. Las Animas ............................................. .. 
District 31. .............. Pinos . ................................................... .. 
District 33 ............... La Plata .................................................. . 
District 34............... Mancos ....................... -- .......................... . 
Dit>trict 32........ .... . . . McElrno, Hoven weep ..................................... . 
Total ............................................................................. . 
Division V, total. .................................................................... . 
Division VI, total. ....... . .. . ....................................................... .. 
Grand total for the 
State ............................................................................ . 
PROGRESS IN CERTAIN LINES DURING THE YEAR. 
The people of district No. 3, the Cache la Poudre, were the first to 
invoke the ai<l of the telephone in the distribution of water between 
the ditches. This is largely due to the foresight of Hon. B. S. La 
Grange, who has for a loug time acted as the water commissioner of the 
district and saw that such a system would be a great saving of help 
and of water. The line is nearly 21 miles long. Telephones are placeu 
at the principal ditches and at the gauging station in the canon above 
where auy canals take their water, as well as at the office of the com-
missioner. After one year's experience of its use, at a meeting of the 
associated ditches at Fort Collins November 19, 1889, the opinion 
seemed to be unanim·ous that it bad paid for itself during the year aml 
that it had now become a necessity. Patrons of the larger companies 
now assume that it will not be long ere such a system shall be adopted 
for the individual lines. 
For the development and conservation of the water supply the people 
of this water digtrict (No.3) have held several public meetings to con-
sider the questions affecting them as a body. They have proposed the 
formation of reservoirs to be for the benefit of the whole district, and 
have discussed the means by which the whole district could work to-
gether. Several l'eservoirs are already built in the district and are 
surveyed. The plan proposed by some is based on the situation, which 
is that most of the ditches having the earliest right to water are at the 
lower end of the district. During the latter part of the season these 
lower canals are entitled to nearly all the water, to the exclusion of the 
upper canals. Mnst of the convenient sites for storing are below the 
beads of these upper ditches and therefore cau not benefit them directly. 
They therefore propose to fill these reservoirs through their canals and 
later in the season, when in need of water for irrigation, but not entitled 
to it from the river directly, to supply the demands of the lower ditches 
from the water stored in their reservoirs and draw an equal amount 
from the river for themselves; thus the lower canals would lose none 
of their present advantages, while the upper ones would be put in a 
position of comparative security. The reservoirs proposed for this pur-
pose, and ample enough to hold all the storage supply of the year, are, 
in addition to those now in use, Terry Lake, north and west of Fort 
Collins; Long Pond, north and east; and a basin located in sections 
27, 28, 33, and 34, township 7 north, range 67 west. The latter consists 
of two separate basins, divided by a ridge, which would be entirely sub-
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merged in high water. This would cover 649 acres on an average 15 
feet deep~ or store nearly 10,000 acre-feet of water. From this reservoir 
a line has been surve,yed some 25 miles long, 10 feet wide on the bottom, 
3 feet in depth, and with a grade of 2.6 feet per mile. Nothing has been 
done as yet on the ditch, but the small dike for the reservoir is com-
pleted and the reservoir is now in process of filling. 
Another reservoir is on the southwest quarter section 15, township 6 
north, range 66 west. Its area is about 37 acres, capacity 8, 709,683 
cubic feet. The dam for this reservoir and the ditch leading to it are 
now in CQurse of construction. This is to be filled from Cache la Poudre 
Canal No.2. J.D. Stannard, of Greeley, is the engineer ofboth of the 
above. Another small reservoir is situated upon section 20, township 
7 north, range 67 west. A survey has been made of a site on what is 
known as the Little South Fork of the Poudre. It has not yet been 
decided that it will be built. 
The Larimer County Ditch Company has already a reservoir in the 
mountains on the headwaters of the Pondre. It was originally a nat-
ural lake, at a point where several mountain streams meet and have 
formed a basin. It is known as Chambers Lake. At low water it bas 
an area of about 110 acres, and when filled 16 feet it has an area a hun-
dred acres greater. The embankment is comparatively short and is 
22 feet in heightb. This reservoir occupies the natural bed of the 
stream, and bas given rise to a lawsuit, which has determined that a 
company can make such a disposition of it. The same company hlls 
intercepted at this elevation, 9,000 feet, several small streams, which 
:flow naturally into the North Platte River, and turned them into Uham-
bers Lake. They likewise procure some water from the head waters of 
the Grand River, and late in the fall (1890) sent an outfit of men and 
teams to extend the last intercepting ditch, but the early fall of snow 
prevented the completion of the work. 
Among several other proposed reservoir sites is Boyd's Lake, a basin 
between Fort Collins and Lov~land. It is large enough to have an 
area of several hundred acres and is so situated that water could be 
run into it either from the Poudre or the Big Thompson, and the water 
could be drawn out so as to benefit the people near Greeley. A num-
ber of reservoirs already in service. 
Claymore Lake is a body of water at the eastern base of the foot-
bills, which bas been used for several years by the Pleasant Valley aud 
Lake Canal Company. It was originally intended to be filled by means 
of a tunnel, and one was constructed at a cost of some $4 0,000. It has 
since partially filled up, and the lake is filled through the regular chan-
nel. Warren's Lake is another reservoir that bas been used for some 
years. The North Poudre Canal has several reservoirs and is develop-
ing more. This canal, which derives its water from the North Fork of 
the Poudre, has a late priority and in seasons of scarcity bas to depend 
almost entirely on its reservoirs. Its reservoirs are as follows: 
Name. 
:Stuchell ••••••.•••••••••••.••••• ---·-· .••••.•..•..•••••.••. 
No.4--·············-·················-····-··---·········· -No.2 ...............•..................................... . 
·No.1 .............................. -....................... . 

























3, 0<!6, 467. 
46,766,420 
145, 355, 180 
29,345,591 
111, 057, 813 
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All the above are in use, Nos. 1 and 3 and the Stuchel to their 
full capacity, No. 2 to only a small extent this year. No.4 will be 
filled some 10 feet the coming year. 
The Larimer Uonnty Oanal bas several sites, some of considerable ex-
tent. Some are already in use. · 
In district No. 4, which is the district watered from the Big Thomp-. 
son, several reservoirs are in use, some of considerc:tble size, but most 
rather small. The Mariana Reservoir was started in 1888. It draws its 
water from the Rist Ditch. It covers over 30 acres by means of an em-
bankment 1,000 feet long and 17 feet high. It is now somewhat larger, 
as the dam has been raised during the season of 1890. The cost of the 
dam mentioned was $3,400. 
The Home Supply Reservoir is still larger, it covering at first 418 
acres, with a subsequent enlargement. 
Districts 5. 6, and 7 have constructed a large number of private 
reservoirs, besides improving some corporate ones. So far as the writer 
knows there bas been no attempt in these districts to store the storm 
water, other than the flood water as it appears in the regular channels. 
The Manvel Oanal is taken from the Arkansas River, and its con-
struction was begun in April, 1890. It is designed to be 30 miles long. 
At present 10 miles are constructed. At the bead it is 12 feet wide, 
with side slopes of 1 to 1, and this width gradually decreases until at 
the tenth mile it is 10 feAt. It is to carry 130 cubic feet of water per 
second. The first 10 miles have cost $4,000. Water rights will be sold 
at $800 per 80 acres, and will be based on a duty of 80 acres per second-
foot. It bas no flumes, and is of eomparatively easy construction. Z. 
T. Duval, of Lamar, is the engineer. 
The Colorado and Kansas Canal was projected by F. B. Koen & 
Bros., of Lamar. The incorporation papers were filed October 6, 1884. 
Some work was done as early as 1886, and some bas been done from 
time to time since. A large lateral now extends to a distance of 30 
miles. This was originally intended to be the main canal, but the 
main line bas since /been relocated on a grade of 1 foot to the mile, with 
the intention of extending into Kansas. The main line is constructed 
for~ miles, or as far as Dry Creek, a few miles west of Lamar. This 
canal or its lateral bas supplied about 1,000 acres during the past year. 
The lateral bas one flume several hundred feet long across Willow 
Creek, just south of Lamar. It is 30 miles in length. At Carlton Creek 
there is a lateral parallel to the Manvel Canal. The canal, as projected, 
is to be 155 miles long, and is estimated to cost $450,000. The cost to 
the present bas been $90,000; the main line cost $00,000 alone. The 
canal is to be 35 feet wide for the first 106 miles to the State line, with 
side slopes of 1 to 1 in natural earth and 1~ to 1 in embankment, and 
with a berme of 6 feet. There is also a subgrade of 1 foot. The grade 
is 1.056 feet per milA. The laterals, which are not planned yet, are to 
have grades of 1.584 feet. There are several reservoir sites along the 
route. Z. T. Duval, of Lamar, is the engineer of this work. 
The Amity Canal takes its water from the Arkansas on the north side 
within the grounds ·of the historic Bent Fort. This canal was begun 
in 1886 as a small canal, but was enlarged and lengthened in 1889. 
Some work is still being done upon it, and there is talk of extending it 
to a point opposite S.vracuse, Kans. At present it terminates at the 
first branch of Horse Creek, 63 miles from the headgate, and about17 
from the State line by the route of the canaL · At the head gate the 
width for a short distance is nearly 40 feet, but for the first mile its 
width is 25 feet, with a grade of 1.584 feet per mile. Then it narrows 
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to 16 feet in width, with a grade of little' more then a foot (1.056) per 
mile. At the tenth mile it narrows to 10 feet, which it retains to the 
fortieth mile, where it becomes 8 feet wide. The grade from the thirt.v-
thir:d mile is 1.584 feet per mile. It has no flumes, and has apparently 
no more serious problems to contend with than those arising from the 
sand of the Arkansas. It is designed to carry 325 cubic feet per 
secoutl. As at present constructed, it covers about 65,000 acres, and 
furnished water for some 4,000 the past season. Its water rights are 
based on a duty of ~0 acres per second-foot. The price asked is $1,250. 
The cost has been about $100,000. The Amity Canal was the successor 
of the New Era, whose incorporation papers were filed December 8, 
1885; those of the Amity were filed March 7, J887. 
The Bob Creek Canal, as it is usually known, is one of the largest of 
the State, and measured by the area which may draw water from it the 
largest, with possibly one e.xception. This canal draws water from 
the north side of the Arkansas River and covers a large area of land to 
the east of Pueblo. Its head is located about 16 miles east of Pueblo. 
lt follows very closely the line of a survey made some years since by 
the Ron. B. S. La Grange~ while deputy land commissioner. It does 
not get above the l)luffs for some 18 miles, but when it does its line 
rapidly recedes from the river, and covers an exceptionally large area. 
The canal as planned is to be some 118 miles long, but owing to finan-
cial difficulties of the projectors it may be some time before it is com-
pleted as projected. Some 75 miles are completed, at a cost, it is said, 
of $350,000. There bas been no irrigation carried on during the year, 
tllough some farmers put in crops with the expectation that water would 
be available. There are some immense reservoir sites under this canal. 
The largest one has an approximate area of 20,160 acres, with a maxi-
mum depth of 40 feet. Heservoir No. 4 can be filled fr(-,m the preced-
ing, and is 5,020 acres area. Number 5 has an area of 4,160 acres; No. 
2 of 2,560, and No.1, a small one, of about 200 acres. 
The Otero Canal is another large one whose construction has pro-
r.eeded during the year of 1890. This near the western line of Otero 
County, in range 59 west, and waters land on the south side of the river 
about Rocky Ford and La Junta. It will be some 65 miles in length. 
The greater part of this portion is now completed. The offices of the 
company are located at La Junta. J. H. Nelson is the chief engineer. 
· Owing to failure of the principals, the work has fallen i~to the hands 
of the contractors, Messrs. Price and McGavick, by whom a new com-
pany has been organized. 
The South Side Ditch is another canal, still above the Otero Canal. 
It is supported by the people of Rocky Ford and is designed to extend 
for some 80 or 90 miles. A considerable portion was constructed in 
1890, but definite information has not yet been obtained. 
SUPPLIES. 
Artesian irrigation has been carried on somewhat during the year in 
the Denver Basin and also in the San Luis Valley. In the Denver Basin 
the wells are mostly of small flow, and the cost, considering the amount 
of water f!unished, is relatively great. Still the demand upon the ex-
isting water supply is so great and the scarcity of water is such that 
many, judging from conversations with land owners near Denver, would 
. sink wells for irrigation purposes could they strike water within a 
reasonable depth. These owners spoken of, being the ones having the 
latest rights to water, and therefore on the lands the most recently 
S. ·Ex. 53-1:? 
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settled, are consequently largely at some distance from the valley of 
the river and above the limit of flowing wells. Quite a number :ue 
using the water on a small scale, and for some the artesian water forms 
the only source of supply. Several ha:ve connected their wells whh 
various points with pipes, and ~ecure a comparatively large duty. 
In the San Luis V:alley the flow of the wells is much larger than in 
the Denver Basin, and the water is obtained much nearer the surface 
and at a nominal cost.. A flowing well often costs less than $25. The 
depths vary from 40 to 800 feet, but the first water is usually found 
within 100. 
A personal visit to the valley in September confirms the estimate, 
presented to the Artesian Wells Investigation in June by the writer, of 
2.000 wells in the valley. 
'This valley is blessed with a comparatively large supply of water for 
irrigation from other sources, and consequently has comparatively lit-
tle inducement to develop artesian wells for that purpose. Some farm-
ers are, however, using this water for irrigation, a few as their only 
source of supply. The effect bas been good so far as known. The 
acreage thus watered, a personal visit convinces me, has been much 
less during the past year than was reported in the spring by the water 
superintendent of that division to the artesian wells investigation. 
The wells having the greatest flow are at Alamosa. These are also 
the deepest wells in the valley, and passed through many water strata. 
One well, the town well measured by the writer, had a!> flow of 400 gal-. 
Ions per minute. The largest well could not be measured in the time 
at the disposal of the writer, but its flow may have been as much as 
600 gallons per minute. These were both 6-inch wells. Temperature 
of the latter, 74.7 F.; of the former, 72 F. 
The prevailing sizes of wells are those 2 inches and 3 inches in di-
amet~r. The temperature of these wells, which are nearly the same 
depth oYer a range of 60 miles, is nearly the same, and about 50 F. 
One 3-inch well was seen which threw a column of water 33i inches in 
au "Unbroken stream above the casing. This well is located nearly 20 
miles due north of Monte Vista. 
IRRIGA'l'ION BY PUMPING. 
In places wbere pum1)ing is needed additional thought and attention 
is being given to this method of procuring water. The Greeley Irriga-
tion Pump Company has placed a number during the year O\'er tile 
western country. It is not a question of possibility with this rnetllod; 
it is almo~t entirely one of cost, which is principally due to expellse of 
fnel. Where this can be obtained at small cost, there is no question 
that this method will be used to a great and increasing extent. 'l'he 
conditions where pumping is carried on in this State are: Where water 
is.to be obtained from wells; from the inflow in valleys and streams; 
from the inflow from the seepage of ditches lying above the land; from 
seepage which collects in ponds, etc. Also where land is valuable, as 
near Denver, to supply land which is above a ditch or reservoir from 
. such source, 'rhen in places where the streams are of too small gr::~de 
to enable ditches to be taken out, or where the banks are rather high 
and unfavorable to canal building, as along the Bear and Gunnison an<l 
Grand Rivers in the western part of Uolorado. 
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.Anw1wt of wafer approp1·iated each yem· accordiug to the judicial decrees so fm· rendered. 
Water Division I, with length of canals in miles and amount in cubic feet per second of yearly 
appropriations of water.] 
District. 
1 ... 00000000000 
2.ooooooooooooo 
3 ..... ooooooooo 
4 ... ooooooooooo 
5 ... ooooooooooo 
6 .• oooooo•ooooo 
7 .. oooooooooooo 
~ .. .... oooooooo 
9 .... oooooooooo 
23 ..... oo .. oooo 
*461 *47 No 
*48 decree& 

































37 57. 09 
35.76 32.99 
............. ............ 
........... . ......... 
1862. 1863. 1864.. 1865. 1866. 1867. 
------------------
............ . ·····-- · .............. . . ... .. .... .. .. - .. .......... 
47.88 89.57 56.85 245.65 (1.51 
127o2 8. 7 78.39 43.96 78 u 169.49 
37.14 42.73 139.92 74. 45 97.03 
123.03 118.43 103.9 180.18 102.12 29.06 
348.82 424.65 253.66 587.57 107.86 
40.15 53.86 50.94 142.51 8.64 36.2 
28.18 50.36 8-!.01 34.2 28.88 69.05 
50.59 30.86 25.47 67.75 8.94 
....... . ... 5.2 ............. . .......... ... ......... 
. ......... . ......... ........... ........... ········ . ....... 
Total . •o 2, 656. 39 128.43 385.91 484.22 765.85 813.57 701.9 1, 837.74 511.6 409.77 
District. 1868. 1869. 1870. 1871. 1872. 1873. 1874. 1875. 1876. 
1 ..... ooooooooo . .......... . . ......... . ............ .. . .......... ................ ................. ............... . 240.84 58.08 
2 .... oooooooooo ............. 38.39 64.73 4.21.97 12.18 :!98. 66 158.5 3a.I4 205.06 
3 ..... oo ....... 55.3 67.9 191.25 583.15 317.93 416. 67 281. 14 27.47 
4 ....... ooooooo 3. 77 31.51 . 39.04 40 13.21 250.43 12.25 143.41 103.81 
5 ....... o ...... 20.28 50.65 270.25 222.3 135.72 100.87 123.42 22.93 2~. 7 
6 ........... 0 •• 238.24 6. 58 199.69 388.11 323.53 928.42 312.04 163.8 
' .................. 4. 3 24.77 6. 31 31.94 15-i 118.23 138.26 
s ... ooooooooooo 37.7 12. i6 21.8 47.5 47.4 101.13 29.99 20.42 10.35 
9 ... oooooooooo• 17.21 7.94 1. 49 2!!.42 ................ ............ 12 ............. . .......... 
23 ...... o .. oooo 10.4 1.6 1 3.2 2.4 6 2.4 6.4 19 2 
----------------------------
Total . ... 387.2 ~41. 8 795.56 1, 569.59 1, 006.37 2, 320.41 757.96 1, 087.65 588.82 
District. 1877. 1878. 1879 1880. 1881. 1882. 1883. 1884. Total. 
1. .... 0 0 •• 00 0.. 26. 65 88. 2 .... 00 ... 0 ......... 00....... 1, 931. 25 580. 47 ~. 479. 29 5, 404. 78 
2 • .. • • • .. . • • .. . 224. 7 23. 63 545. 1 281. 21 339. 42 . .. . . . • . 32. 78 3, 642. 7 
3.... ... .. . .. .. 124 732, 59 149. 52 467.27 474. 82 . 00 0...... 115. 64 • •• • • .. . . . 4, 559. 34, 
4 .... 00 ... 00000 209. 42 235~ 51 6. 22 191. 53 626.4\ 000000... • ........... 000... 2, 397. 44 
5 ... 00 .... 00 .. 0 55. 85 136. 97 32. 83 11. 7 7. 54 00 ..... 0.. • .. • • .. • • .. 0 .. 00.. 2, 028. 2 
6 ......... 0.... • .. • • • • . 105. 32 60. 6 154-. 22 . .. . . .. 00.0.. .. .. 4, 879. 73 
7 ..... 0 ...... 0. 18. 26 52. 74 32. 34 .. • • . . . .. . 8~. 46 • 0. 0 0 0. . .. 1, 220. 45 
8 .. 000000 000000 13. 25 358.18 1, 211.17 49.62 38. 94 62. 06 .......... 000000.. 2, 450.74 
9 . . • • .. .. . • .. .. .. • • . • . . 26. 68 ...... 0. 00 •••••• 0. 4. 01 75. 87 .......... 0 •• 0.... !37. 56 
23 ... 0... • .. .. • • .... 0 0. 5. 2 17. 8 2. 8 .. 0 .... 0 ....... 0 0 ... 0.... .. • 83. 6 
Total. ... 672:13 1,:765~ '2,005.44 737.92 "1,622.32 2,408:-6 78Z5712,'512.07 27,104:M 
,. Estimate. 
(Water Division TI, with length of canals in miles ~nd amount in cubic feet per second of yearly 
appropriations of water.] 
District. Miles of canal. 1860. 1861. 1862. 1863. 1864. 1865. 1866. 1867. 
------ 1·----------------------- ------
10 ........... .. 
11oooooo•oooooo 
l2 ......... oooo 
13 oooooo•••••'" 
14 .......... ooo 
15 .... ooooooooo 
16 ........ 00000 
17 ..... oooooooo 
18 .. ooooooooooo 
19.oooooooooooo 
49 ... o.ooooooo• 
66 oo•ooooooo••• 















59.9 74.53 120.49 38. 36 3. 22 52. 15 




~:mHtH~:~: :me~: :::Hn::~~~m:: :~~:~~~: ~~n~. :H~~: 
.............................................................................. ······-· ......... . 
.74 59.9 74.53 120.49 45. 59 31.14 311. 64 55.78 
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Amount of 1vater app1·opriated each year, etc.-Continued. 
District. 1868. 1869. 1870. 1871. 1872. 1873. 1874. 1875. 1876. 
------1-----1---- -------- -----------------~ 
10 . ••• • . . •••••. 44.18 10 24.16 97. 02 42. 08 51. u 67.31 34.36 ·!3 67 
11 . . • • • • • . • . . • . 25. 29 . . . . • . . . • • . • • . . • . . . . 7. 06 14. 93 . • . . . . • • . . 144. 03 259. 41 10:24 
12 ........................................... ···-······ .......................................... .. 
13 ·••••••·••••· .................................................................................. .. 
14............. .......... .......... 7.28 5.46 6.89 .78 3.25 2.34 ...... .. 
15 ............................................................................................... .. 
16 ....................... ·•••••·•·· ............................................................... . 
17 ............. ·•••••••·· ........................................................................ .. 
18 ............................................................................................... .. 
19 .............................................................................................. .. 
49 ............................................................................................... .. 
66 ...................... ·••••••··· .............................................................. .. 
67 ............................................................................................... .. 
Total.. .. 69. 47 10 31.44 109. 54 63.9 52.52 21.59 296.21 13.91 
District. 1877. 1878. 1879. 1880. 1881. 1882. 1883. Total. 
-------1----1---------------------------. 
10...... ...... ...... 13.99 3.1 8. 52 5. 02 5. 79 .... . .. . •. ...... •••. 779.99 
11...... ...... •..... 7. 6 25.05 2. 31 40.96 20; 69 45.9 .......... , 934.33 
l!i~i~~~ ~~~ %l~T ~~~~~~ ll L~:~:t~tC~~t-~ ~:;· :~~>j~ f:::~:~~~ :::l:l~~~ T~ ~:l :j·: ; : ~~ ~~~:~~ 
18 ................................................................................................ .. 
19 ............................................... ~ ,; ............................................... . 
49 ................................................................................................ .. 
66 ................................................................................................. . 
67 ................................................................................................. . 
Total.. ....... 21.59 34.52 16.03 51.79 26.48 45.9 .......... 1, 758.48 
fWater Division III, with length of canals in miles anc:t amount in cubic feet per second of yearly 
appropriations of water.] · 
District. Miles of canal. 1855. 1856. 1857. 1858. 1861. 1862. 1863. 1867. 1870. 1872. 
__,_ ____ , ____ ------------------------
20 ·•••••••••••• (*) ........................................................................ . 
21............. 109 ....................................................................... .. 
22 ............. 215 ........................................................................ . 
24 ............................................................................................ .. 
25 .... ... ..... . *946 281. 98 162.76 223.6 70. 46 47. 76 28.35 41. 99 116. 01 10;.. 46 18. 31 
26 ............. 155.5 ....................................................................... .. 
27 ............. 45.75 ....................................................................... .. 
35 ............ -. 5.5 ....................................................................... .. 
Total.. .. 1, 476:75 281.98 162.76 223~~70. 46 47.76 -28.35 -41.991116.01 104. 4~ 18.31 
District. 1873. j1875. 1876. 11877. ~~1879. 1880, ~ 1882. 1883. Total. 
20 .............................................................................................. .. 
21 ............. ••••••· .......................................................................... . 
~L:::::::::::: ::::::::::::::::::::::::::::::::::::: ::::::· :::::::1:::::::::::::::::::::::::::::::: 
25...... .... . • . 21.21 5. 77 22.2 7. 54 27. 03 78.14 68.81 130.99 69. 72 84. 95 1, 612.04 
26 .............................................................................................. . 
27 .............................................................................................. .. 
35 ......................................... . .............. . ..................................... .. 
TotaL .. ·J 21.21 5. 771 22. 2 . 7. 541 27. 03 78.14,68. 81 130.99 69.72 84.951 1, 612.04 
. ~ 
• ~s~r~cts 20 ~nd 25 are taken to~ether. 
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tlmount of water appropriated each yem·, etc.-Continued 
[Water Divisions IV, V, and VI, with length of canals.*] 
Division IV: :Miles. 
District29...... ..•.•. .•••....•..•. ..•. 6 
District30............................. 4.5 
District31.... ... . . . . . . . . . . .••• •• .. .. . . 7. 75 
District32 .. .. .•... .. . . . .. ....... .. .. . . 93 
District 33...... ••••••. .•. . . . . • . . •••••• 7 '75 
District 34...... • • . • • . . . . . . . • • • . • . . . . . . 116 
Total. ............................... 235 
Division V: 
Districti!S...... ....................... 26.5 
District 36 . .................................. . 
District37 ......................... :. .. 30.5 
District38 ............... ~----- ........ 40 
District39 ....................... --·".. 56.5 
District40 ............................. 11.25 
District41. ............................ 15 
District42................. ...... ...... 5. 25 
District45.... ....... ...... ...... ...... 48.5 
District50 ..................................... . 
Districti5l .................................. . 
Division V -Continued. Miles. 
District 52 ..•........•••••.••••..•..•.. -······ 
District 53............................. 3 
District 59...... . . . . . . • • • • • • . • • • . . . . . • . 34 
District 60.. .. ......... .. ••••... ... ..•. 2. 25 
_ District61. ...•..•.•................... 48.75 
Dh.trict62..................... .. ...... 3 
District 63 ......•..•........••............. -.-
Total. ............................... 324.5 
Division VI: 
District43...... ................. ...... 50.5 
District44 ............................. 38 
District 54...... . . .. .. .. . . .. • • • • . • . . . . . . 5 
District 55 ................................... . 
District 56 ................................... . 
District 57. .. . . . . .. . .. .. .. . . . .. . .. . . . .. 18. 5 
District 58 ........... , ...... ".......... 76. 75 
Total ................................ 184.25 
*No water qoproprlated. 
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ARTESIAN WATER IN NEVADA. 
BY CHARLES W. IRISH, C. E., OF RENO, 
Fo1·merly United States Su?"1:eyo1·-Geneml of Net•ada. 
That large inexhaustible supplies of water exist beneath the surface 
of the earth in Nevada does not admit of a doubt. It bas been proven 
by actual borings in many localities. I will instance very shallow wells 
in the Truckee Meadows, near to the town of Reno, where, at a depth 
of less than 100 feet, water is found with power to lift itself to the sur-
face in a continuous stream. These wells act from a bead of pressure 
derived from the underflow in the deep beds of the Truckee River chan-
nel, and possibly also from seepage from the slopes of the adjacent 
Sierra Nevada Mountains. 
No deep borings have been attempted on the Truckee Meadows, for 
the reason that the farmers get a large supply of water from irrigation 
ditches which are carried out from the river. 
I have no doubt but that large supplies of water can be obtained from 
any point in the meadows by sufficiently deep borings, and at not very 
great depths, either. The subsoil of the meadows was laid down by 
glacial ice, which, sliding from the adjacent mountains, filled up a sub-
marine crater, which had in time become a l.tke. The filling consists 
of alternate layers of sand, gravel, bowlders, and a very bard clay, com-
pressed by the ice pressure into a· cement, almost as hard as rock. 
Underneath and between these cement layers is a large body of water 
under a very considerable pressure, for its source is in the sloping bed-
rocks of the mountain sides which bound the valley of the meadows. 
I am thus particular in describing the formation of the water-bearing 
strata of the Truckee Meadows for the reason that it will apply to much 
of the State. Connected with the drainage of the Truckee Meadows 
are the circumscribed valleys called, respectively, Pleasant Valley and 
Was hoe Valley. 
The first is simply a prolongation of' the meadows southward. 
Washoe Valley is very considerably higher in altitude, and is connected 
with the lower valleys by a narrow rocky canon, which breaks through 
a lava dike, that in times past formed a complete barrier to the flow 
of water northward. Hence, as Washoe Valley is completely sur-
rounded by high mountains, and the bed-rock in the canon spoken of 
comes 11p to within a few feet of the general level inclosed, it migltt be 
expected that an artesian flow could be obtained by boring for it. f3uch 
is the case, as is well proven by the e~periments of Hon. Theo. Winters, 
who has two wells bored on his farm in the valley, which, not over 
300 feet deep, furnish a large and unremitting supply of pure water. 
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Following along the foot of the eastern slope of the Sierra Nevada 
from Washoe Valley southward the same conditions obtain as are already 
described, for in and about the capital city of Carson a number of 
artesian wells have been bored to water at moderate depths; and I have 
no doubt but that such will be the experience all along the east of that 
great mountain chain. For it is paralleled throughout its course by a 
subsidiary chain, from which many lava dikes are found to reach across 
the intervening valley and conneet with the · main chain, thus cutting 
the valley into rounded or oblong basins across which glacial ice has 
made its way, filling these inclosed basins up to various levels, under-
lying which is a water stratum under pressure from the absorbed water 
of the melting snows of the Sierras. 
To a large extent the surface of the State is made up of such incloserl. 
basins by low lava dikes thrown acrm;s valleys between north and 
south arranged parallel ranges. A.ll these basins, I am sure, will fur-
nish more or less water from artesian pressure whenever borings are 
made for the pnrpose; for all of Nevada's mountains catch snow in the 
winter season, more than three-fourths of the water from which is re-
tained by absorption to percolate the strata as tilter through crevices of 
the bed rocks, to be stored under the strata of these basins. 
Twenty or 30 miles to the northwest of Reno, upon the summit of 
the Sierra Nevadas, is an elevated and inclosed plain called Sierra 
Valley. It was once a summit Jake, fed by water from the cra.gs and 
pe~tks surrounding it. Glacial ice greatly modified this lake and its 
basin, causing a brt>.ak at first in its western wall, thus making-it one 
of the heads of Feather River of llalifornia, and again ~ausing a second 
break which was through its eastern wall and making it for a time a 
tributary to Pyramid Lake of Nevada. Its waters now drain into 
Feather River. This valley is noted for the richness of its natural 
grasses and for their variety. For the purpose of cultivation the soil of 
the valley, by irrigation from artesian wells, the land owners have 
joined in the purchase of hydraulic boring. Machines and individuals 
of the last neighborhood assist in the boring of the wells, so the cost is 
confined to the time spent in the boring, the money outlay for the pur-
pose is almost nil. In this manner many fine farms have been improved 
by use of the free flowing water thus obtained, the quantity of which 
seems unlimited, and is not drawn down by reason of the increase of 
the number of wells. So far many of the wells bored in Sierra Valley 
are of ordinary depths ranging from 150 to 3,000 feet. But some are 
bored to 1~000 feet, the limit of the machines used. 
The borings pass through alternate veins of cold an"d hot water, 
and these are disposed with such regularity that it is possible now, 
with the knowledge obtained, to have either hot or cold water as may . 
be desired. Thus each farm is furnished with its hot and cold water 
pipes and it seems singular, in the light of experience elsewhere, that 
al1 the water obtained is exceptionally pure. 
In Sierra Valley we have the example of strong artesian pressure on 
the fiat summit of a great mountain ridge with very deeply cut can-
ons all along its western slope, the bottoms of which canons are 
not less than 1,000 feet below the valley lands, and on the east side 
is the deep drainage of Long Valley, which is not less than 400 feet be-
low the general level of the same lands, and in it, at a point about due 
east of the center of Sierra Valley an artesian boring has been made 
1,000 feet deep and no water found. So it seems that artesian force 
is in this instance at work lifting the water of these wells to a 
a height of not less than 1,200 feet above any chance for pressure from 
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the sides of the valley. The average altitude above sea level at which 
these wells discharge their waters is 5,000 feet. 
Turning now to the next example out of which has come success in 
3,rtesian borings, which is at Battle Mountain, in Lander County, in this 
State. 
At this point is the confluence of the valley of Reese River with that 
of Humboldt River. In the town of Battle Mountain many small wel1s 
have been bored to depths varying from 150 to ROO feet. The Nevada 
Central Railway has a fine one at theoir shops, and the Central Pacific 
Rail way one which is used to furnish all their trains with water. 
Mr. J. A. Blossom has one at his farm some 2 miles from town, and 
only half a mile from the Humboldt River, which is a fine one, giving 
much more water than ·is needed for all of his stock, and below Mr. 
Blossom's place, 5 miles, is the cattle and hay ranch of Messrs. Russell 
and Bradley, on which they have bored two very fine wells; any one 
of the large wells at this locality is, I am sure, able to furnish all the 
water needed for the irrigation of a square mile of agricultural land, and 
none of them are over oOO feet deep. 
Mr. Blossom has, during the past season, bored a well in the north-
east part of Battle Mountain to the depth of about 800 feet, which gives 
a very strong flow. As this is the deepest boring done in the vicinity, 
it is not known bow deep the water strata may lie, but it is plain from 
a consideration of the country along and about the heads of both the 
Reese River Valley and the Humboldt, that the underflow of their beds 
is enormous and is inexhaustible. 
The only other locality in which a thorough practical test has been 
made in the State is White Plains, on the Central Pacific Rail way. This 
is in the midst of an oblong valley inclosed by mountains. It is a salt 
plain. Tbe boring was carried down through various strata filled with 
water, variously charged with salt and other cheiPical matters which 
rendered it unfit for any kind of use. The water found also varied from 
cool to very hot. The well was closed up and abandoned by the com-
pany; it is 3,000 feet deep. 
I have given in the foregoing a description from memory of all the 
artesian borings with .which I am acquainted in the State. From an 
examination of the localities in which the work has been· done, I feel 
sure that the flow in all cases is due to hydraulic pressure, except per-
haps in the case of Sierra Valley, where it may be rlue to gaseous pres-
sure. I am much inclined to believe this to be the case. However that 
may be, I note a singular arrangement of the springs of cold water in 
Nevada, which seems to point to a gas pressure as the force maintain-
ing their flow. 
While making some irrigation surveys along the eastern slopes of the 
Sierra Nevada, I noticed a line of growth running in pretty nearly a hori-
zontalline at an elevation of about 1,000 feet above the levels at the 
base of the mountains and fully 5,800 feet above the level of the sea. 
This growth was ot the kind of vegetation to be always found about hid-
den springs or those which do not quite reach the surface. It was sev-
eral miles in extent (horizontally), breaks here and there, anfl with an 
occasional spring welling up with a very strong flow, so muc!h so that 
the waters of these springs, which left to nature sink from sight in run-
ning only a few rods from their surface, are caught in flumes and thus 
carried down to the level lands of the valley, and these are used to irri-
gate large farms. It so happened that I had d\)portunity to explore this 
narrow wet strip throughout its extent, in doing which I came across a 
deep cut down into it, and across it, reaching through all the superficial 
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deposits to bed rock, which llere was granite. I saw that the water vein 
was an horizontal cleft in the bed rock which at this point discharged 
an enormous quantity of water that I estimated at 25 cubic feet per sec-
ond, making as close an examination of the cleft as I could at this point 
I found that it sloped down ward toward the center of the mountain from 
the side of which it issued. 
I have seen many such lines of water seepage in various parts of the 
St.ate and do not know of a mountain range which is free of them. In 
Peavine 1\Iountain are many such veins and in all cases they furnish 
large and permaneut springs of water used for irrigation. This moun-
tain is an isolated peak of the Sierras, about 12 miles northwest of the 
town Reno, and it has a water belt reaching clear around it, but it is 
not continuous, the strongest flow being on the north and west sides at 
an elevation of about 6,50v feet above sea, and fully 1,500 feet above 
the levels at the foot of the mountain. But the most singular fact re-
garding the springs of this mountain is that one exists on the very sum-
mit at an altitude of about 8.200 feet above sea level. I am sure there 
can be no head of pressure to do this work. 
Along the eastern faces of the mountains which overlook Pyramid 
Lake on its western side is a line of springs, some of which flow enor-
mous quantities of water. There are at or near the summits of these 
mountains out of which they pour in rumbling cascades, the voice of 
which can be heard a considerable distance, but the thirsty mountain 
sides soon drink up the flood so that none of it reaches the lake above 
ground. 
l some years ago made a careful examination of these springs and 
twice since have given them close attention. They give a permanent 
flow, with no fluctuations from seasonable differences in the local rain-
fall. The temperature of the water is about 500 F., and they are in 
altitude 3,000 feet above the level of Pyramid Lake. The latter is a 
veritable lake of boiling springs bringing up an immensity of very hot 
water, not a cold spring can be found in the valley of the lake. 
The entire northern part of the State is furnished with such springs 
of cold water, high up in the mountains, and the sides and the crest of 
the great divide, between the Columbia River and the Nevada basin, is 
reeking with them, the strongest fio'Y being on the north or Columbia 
River side. The streams flowing from that side are permanent, so that 
the salmon come to their heads each season. 
There are some notable springs or rather natural wells, in the 
northern part of the State. Such are Deep Hole Spring, Round Hole 
Spring and Sheep Head Spring, all disposed along the west side of the 
Great Smoke Creek Desert. These springs or wells are round in 
contour and from 30 to 60 feet in diameter and vary about the same 
feet in depth. They are always standing level full of clear, cool water, 
and but little of it ever flows from them. Near by Round Hole Spring 
are two others, one strong with fumes of sulphur gas; it is called 
Rotten Egg Spring, the other a mile or two away, called Buckbrush 
Spdng, and at the center of the south end of the Smoke Creek Desert is 
one with a strong flow of water highly charged with free soda, which is 
called Soda Spring. The three Jast named are all strong flowing springs 
and the water of Buckbrush Spring is good for drinking. All these 
wells border the desert close upon its western edge, and its arid clays 
and sands, bare of all vegetatiou and outspread to the thirsty winds and 
scorching suHshine, drinltt up their waters with unbroken avidity. 
I am sure that this great bare plain of a desert overlies an immense 
body of water, and think, quite strong·Jy, that in the upper strata salt 
water will be found. 
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To the east and northeast of Smoke Creek Desert is the equally ex-
tPusive one called Black Hock Desert;. It has not been my fortune to 
examine any considerable portion of it, but I know that it also llas 
~ome well::; on its margin and many Bowing springs, and that in its 
widest is the great boiling spring of very hot water, discovered by 
General Fremont on his first journey throug·h this region in 1844, de-
scribed by him under date of J a unary 6, 1844. 
The other remarkable localities of wells and springs are to be found 
about the heads of tbe Humboldt River, and in what is called Thou-
sand Springs Valley, in northeastern Elks Uounty. 
I have been thus particular in the foregoing description of the 
11ortbern parts of t.he State for the reasons that, from the conditions 
described, I am sure that it is a great reservoir of hidden waters 
stored upon the highest portion of the State, the average altitude of 
the region being about 4,060 feet above the sea. 
The mountains of the State are <lis posed in systems of parallel ranges, 
the trend of which is about north and south. Indications point to the 
fact that anciently the drainage of the country was from north to south. 
This has been since changed by upl1eavals and lava-rock flows, until 
the present condition obtains, and nearly all the drainage of the coun-
try falls into the sinks of the Humboldt and Carson Hivers and Pyramid 
and Walker Lakes, the averag·e altitude of all which will be about 3,900 
feet above sea. I find that about the aYerage elevation of Lincoln and 
N ye Counties will be not far from 1,3UO feet above the sea for the val-
leys and agricultural lands. This gh7 es a fall in the length of the 
State from north to south of about 2,760 feet, and from the sinks and 
Jakes mentioned of 2,600 feet. That this difference of level does send 
large quantities of water down from the higher regions to the southern 
portions of the State, is seen in the increased number of very ~:;trong­
tlowing springs found in the mountains and along the sides of the 
southern valleys. 
In a report to the Senate Committee on Arid Lands I have given an 
example by measurement of the flow of some of these mountain springs, 
and now will call attention to ash springs in the western part of the 
Ualston desert, which is an eastern extension of Death's Valley. This 
spring wells up in the wildest of ash meadows and covers the extent of 
about 4 miles in length by a few hundred feet in breadth throughout 
this extent. It is a marshy spriug, giving out in the dry, rainless local-
ity so much water as to form a running stream which, almost at all 
seasons, runs a full stream into the very center of Death's Valley. A 
counterpart of this is seen in the head of Muddy River, a confluent of 
tbe Uio Virgin which rises in another such marshy spring of great 
extent and flows oft a steady stream of such dimensions that almost 
six hundred families of Mormon~:; made a settlement upon it and live by 
farming lands irrigated by means of this water. From all that I have 
said, it will appear that upon experiment much artesian water may be 
found in aU parts of this State, ai!d that it will be obtained in sufficient 
quantities at reasonable depths, and that the greatest supply will be 
found in the more southern portion§; of the State. Of all this I am 
certain. · 
I will close by recalling the statement I have made regardiug the 
disposition of cold water springs along the summits of the Pyramid 
I.~ake l\fouuta ns, and hot water springs in abundance at the level of 
the lake. Such disposition of the cold and hot water springs pertains 
to all parts of the State. I have never seen a hot-water spring up in 
, . 
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the mountains anywhere. They are alwa.vs to be found in the valleys 
or at the foot of the mountains, while a very large proportion of the 
cold-water springs is always located high up in the mountains, a very 
few being found in or along the valleys. I am of the opinion that 
boring in the vicinity of the hot springs will be failures so far as the 
obtaining of water fit for irrigation and potable purposes is concerned. 
However the value of the water to be obtained in such localities may be 
known by an examination of that of the adjacent hot springs. 
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. PHREATIC WATERS IN· NYE COUNTY, NEVADA. 
By GEORGE NICHOLS, 
Agent of the R&Vada State Board of T1·ade. 
In reply to request for information relating to the surface and under-
ground supply of water in this county, I would state that the subject is 
a very difficult one to handle, for many reasons. No accurate meas-
urements of any of the running streams, nor the flow from the numer-
ous large springs found in various parts of this county, have ever been 
made, and therefore all I can do is to furnish approximate amounts as 
I have had opportunity to examine them at various times and seasons 
in my travels through portions of the county. It would be very unfair 
to give an estimate of the surface waters afforded by the heavy snowfall 
and excessive moisture of the past winter and spring, as they were 
exceptional seasons in many respects. Nearly every canon, gulch and 
ravine where water would run, was a rushing torrent; so great was the 
flow in the vicinity of the higher mountains, where the snowfall was 
great, that many of the valley farms were under water for months, the 
ground not being able to absorb the surplus for a long period, rendering 
large tracts of ground unfit for cultivation until very late in the season. 
The spring months were rendered cold by the amouut of snow resting 
on the mountains; little of the water deposited in the valleys passed oft 
by evaporation, but was finally absorbed by the soil and found its level 
in the underground water beds, and forms. the source of what I term 
"surface artesian supply." If we had a storage or negative system iu 
use, a va~t amount of water would have been secured. 
It may not be out of place to state, for the benefit of those not ac-
quainted with the facts, that Nye County occupies a position in the 
central and ·southern portion of the State of Nevada, extending from 
the 360 to a little north of t,he 390 north latitude; that it is very 
irregular in form, its greatest length nt.rth and south beii1g about 216 
miles, while its width from east to west varies from 100 to 192 miles ii1 
a direct line; that the county contains an area of over 19,500 square 
miles, or over 12,500,000 acres ; that over one-half of this area would 
raise excellent crops of cereals, grasses, vegetables and fruit of all 
kinds suited to its temperate climate, with sufficient water for irri-
gation; that it belongs to the arid region of the great West wbich 
requires irrigation to produce regular crops; that there are nine U.is-
Jjinct mountain ranges in the northern end of the county whose trend 
fs northeast and southwest (these r~nges are high, some of them 
attaining an altitude of over 13,000 feet above sea level, and retaining 
f;now the year round); that great quantities of snow fall on these moun-
t~ins during the winter season, which furnishe!i our main source of 
s~ E4. 53-.. - .14 ~o9 
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water supply for irrigating purposes ; that the snow as a general thing 
melts early in the spring, the water from which either disappears in 
the crevices where the country rock is much tilted, runs off and is lost 
in the gravelly channels of the canons, gulches and ravines, or dis-
appears in the loose, porous soil of the valleys; that comparatively 
little has been done to husband the supply obtainable for practical use, 
owi.ng principally to the fact that for many years past there has beeu 
but a scant home market for farm products, having np railroads in the 
country yet. 
The cost of hauling t,he products of the farm or mines to the nearest 
market is too great to make it remunerative. Since the depreciation iu 
thevalue of silver, which bas been our chief mineral product, many of 
the mines which furnished a home marl{et. have stopped operations, 
forcing hundreds of both miners and farmers to seek a livelihood else-
where, while those who were able have engaged in stock raising, and 
rarely raise anything for market except beef cattle, horses, sheep, and 
hogs. Many indeed do not pretend to cultivate anything, even for their 
own use. As a consequence much valuable land formerly cultivated is 
now lying idle. 
Having thus briefly outlined the condition of affairs in this county, I 
will say a few words about the quantity and quality of the land. I have 
stated that the acreage in the county was about 12,500,000. I believe 
from observations made during the past year that over 7,000,000 acres 
could be successfully cultivated if sufficient water could be bad for 
irrigation. I have seen the finest kind of crops of barley, wheat, oats, 
al:~'alfa, potatoes, beets, cabbage, onions, melons, squashes, and fruit of 
various kinds, raised on land which I formerly considered utterly worth-
less for any purpose except grazing. Taking one-fifth of the above 
figures (7,000,000 acres) which would give us 1,400,000 acres, the amount 
of lanQ. I estimate could be sufficiently irrigated by proper manage-
ment of the surface supply in ordinary seasons, allowing 160 acres for 
a farm, it would give us 8,750 farms of 160 acres each. Deducting 250 
farms, or 40,000 acres, which is largely in excess of the amount claimed 
at present for agricultural purposes, the reclaimable would leave us 
farms for 8,500 families without touching the underground water supply. 
As to the quality of the soil, it is rich, durable and productive, being 
formed from the gradual disintegration of rocks and minerals in the 
mountain ranges, and by decayed vegetation. In fact, Nevada ranks 
among the first of the States as to soil and climate. Its wheat, hay, 
potatoes, beef, and apples, with its mines, e~Jsily stand in the front 
ranks for quantity and quality. 
In relation to the water supply beneath the surface, I believe it to be 
simply immense. Flowing wells can be found by boring a short dis-
tance in many of our valleys. Most assuredly large quantities of 
water could be raised to a sufficient elevation for irrigating purposes 
by the aid of machinery, but I have learned, however, of but one in-
stance where machinery has been used for that purpose; that is a 
small windmill, which answers the purpose well. Windmills are used 
· in other pla~es, why not here~ Steam power would be objectionable 
for several rea~ons; besides the original cost and heavy freights, fuel 
is expensive, and it requires a capable man to run an engine and keep 
it in order, besides other incidental expenses. My opinion is that some 
power like the vapor engine, which is cheap, light, easily transported, 
requires no fuel (except a can of gasolin~ occasionally), no water for 
steam, no boilers, makes no ashes, presents no danger of explosion, 
p.ee4s :po machinist or practical engineer to run it, as any man, woma1~ 
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or boy of ordinary intelligence can soon learn how to manage the same, 
aud the running cost of which, it is claimed, only amounts to 1 cent 
per hour per horse power. Such an engine would be just what is 
wanted for d~veloping the underground water ~mpply in Nevada, in both 
sinking and pumping, for both of which it seems to be peculiarly 
adapted. Such machinery I think will s·oon be in demand. When the 
conditions are such that the mines are in full blast again, a home 
ma.rket will be insured, and farming will come to the front again. The 
demand for a railroad will be imperative, so that needed supplies and 
machinery, tubing for wells, etc., can be laid down here at reasonable 
rates; our low-grade ores can be shipped to reduction works at a profit, 
and our beef cattle, etc., be transported to market without having to 
drive them hundreds of miles to a shipping point. As it stands at 
present, the freight on tubing, and nearly everything we use in this 
section, is greater than the original cost of the article, which is very 
discouraging to those wishing. to make improvements. 
Natm:e is evidently preparing this section of country for great things 
in the near future. Within the past 27 years, all of which time 
I have been a resident of this State, I haye noted great changes for 
the better in climate, soil, and vegetation. In many places in our 
valleys, where formerly there was nothing to be seen but weary wastes 
of drifting sand and coarse gravel from mountain washes (caused 
principally by frequent cloud bursts) and a few scattering sage brush 
and greasewo·od. I find this sandy wash has undergone a complete 
change, and thousands of acres of deep, rich soil have been formed by 
the decomposition of the coarse sand washed down from the mountains. 
It is now covered with a luxuriant growth of white sage and nutritious 
grasses. Our great alkali flats, or dry lakes, are also being filled up to 
a level with the surrounding plains, and m~ny of them are also being 
graduaUy covered with vegetation. They will soon be among our best 
agricultural lauds, as they are formed entirely of silt, which is the 
richest deposits from the mountains coming down in floods a,nd settling 
in the lowest parts of the valleys. Cloud bursts and high winds are 
becoming less frequent, and many other things are looking favorable 
for a brighter future. · 
One very important point I find I have omitted, viz, the indications 
for real artesian deposits. Miles upon miles of our mountain ranges are 
devoid of timber. The formations are much tilted from upheavals and 
volcanic action; this is everywhere apparent throughout. In these sec-
tions, no matter how deep the snowfall or how heavy the rain, but a 
very small fraction of the moisture ever finds its way on the ~mrface to 
the valleys. .My opinion is, founded on close observation, that nearly 
all the precipitation finds its way by percolation through the crevices 
of these tilted ·rocks to deep-lying cavities. If so, they must form the 
source of real artesian supply. This theory has yet, of course, to be 
tested. My attention was called to this several years ago while travel-
ing with an English scientist. He was well posted in such matters, 
and expressed his surprise that no steps had yet been taken to develop 
artesian water where it was so much needed. In his opinion the forma-
tion of the mountains was in many places decidedly the best he had met 
with in his travels as feeders for subterranean water deposits, or as he 
expressed himself, ''Many of these mountains were like huge sponges," 
said this gentleman, "'absorbing all the moisture which fall upon them, 
and they have surely found a porous store-house below that is only wait-
ing to be tapped." I had thought of this in a casual way, but had only 
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considered it as among the possibilities until he pointed out some of the 
physical indications of the country, and called my attention to the tilted 
position and peculiar stratification of the couutry rock upon which he 
based his opinion. The8e I have carefully noted in my travels ever 
8ince, and am firmly of the opinion that Nye County or southern Ne-
vada contains as fair a field far underground water exploration as a:ny 
portion of the great \Vest, at least the arid portion of it. · 
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IMBIBITION OF ROCKS. 
By ROBERT T. HILL, 
Assistant Geologist to the Artesian and Underflow Water Investigation. 
The value of rainfall in any area in its relations to the water supply 
can not be accurately expressed in the terms of inches per annum, but 
varies greatly with the characters of the rock structure upon which it 
falls, such as its capacity for imbibition, saturation, and percolation of 
moisture, and hence it is that the true value of rainfall as a source of 
supply for rock water can only be expressed by a coefficient representiug 
the ratio between the character of the rock and the rainfall. If this be 
trtre it naturally follows that in studying the water conditions of any 
region the capacity of the rocks for receiving, retaining, and transmit-
ting moisture is a consideration of equal importance to that of the 
amount, evaporation, and surface drainage of rainfall. 
In the nort~ern United States, where the amount of rainfall is abun-
dant and the general surface conditions to the soils more uniform, this 
question of the capacity of structure for moisture produces no necessity 
of urgent consideration, although the difference is practically recog-
nized by every farmer who deals with wet or dry soils and their improve-
ment by drainage. 
In the Southwest, however, where there is a greater diversity of 
rocks and accompanying residual soils, and the rainfall is diminished to 
or below an uncertain sufficiency, this capacity of the rocks for mois-
ture is one of the most important problems to be considered, for often 
within adjacent fields the water and agricultural conditions, while 
ample in one are negatived in the other by the difference in rock struc-
ture, a difference which is often regional, as will be shown later. 
OAP .AOI'l'Y OF ROOKS FOR W .ATER. 
All rocks absorb water, but in proportionR varying with their phys-
ical structure. This difference in the capacity of rocks for water can 
be demonstrated experimentally with familiar types of rocks, such as 
brick, chalk, glass, marble, and sand, which represent analogous con-
ditions prevailing in nature. The glass, which is typical of large areas 
of volcanic and granite rocks, will absorb no perceptible amount of 
moisture. The marble will take into its pores a very slight amount; 
the chalk, sand, and brick, will drink in a quarter of their weight of 
water. 
Again. if their substance be allowed to absorb all the water they can 
contain, they will be i.n a condition of saturation, and all water1n excess 
of this amount will pass off~ by aid of gravity, capillary attraction, or 
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evaporation. It is this excess of water above saturation in the rocks 
· which is avaihtble as a source of springs, wells, and artesian supply. 
If the experiment with these materials be continued it will be found 
that each of these substances has a different capacity for transmission 
of the available water, and that this does not correspond with its ca-
pacity of absorption. For instance, a cubic foot of chalk and a cubic 
foot of sand may each absorb a fourth of their weight in water before 
they attain satnratiou, but after that tbe sand will permit the free pas-
sage of water 600 times faster than in the chalk. 
'l'hese facts being true, it can readily be inferred that if we have in a 
vast region of comparatively nniform rainfall a diverse area of different 
rocks, with different capacities for water, snell as chalks, sands, clays, 
granites and limestones, the expressed value of rainfall, as now esti-
mated by the number of inches per annum, will be totally inadequate. 
This can be seen on an extensive scale in the West, especially in the 
'.rexas region of the United States, where their formations have great 
areal development. ..Approximately the same amount of rain falls upon 
a gr~at diversity of country, some of which may contain great stores of 
available water. while others are entirely void of this essential. For 
instauce, ·the mountaius of the trans-Pecos region are mostly composed 
of hard, impervious rocks, compost limestones, quartzites and eruptive 
rocks. Less than 1 per cent. of the rain falling upon these rocks is 
absorbed, except such as finds its way into the structure by cracks and 
fissures or along plains of contact. As a result of this condition, the 
water after every shower quickly flpws down the slopes to the extensive 
flats which occupy the Yalleys between the mountain ranges. These 
fiats, as well as the entire surface of the Llano Estacado, possess a 
structure entirely different from the adjacerft mountains, being mostly 
composed of loose, porous sands and gravels, so that every drop of rain 
that touches its surface is almost immediately drunk in, instead of flow-
ing off in streams or rivulets. This explains the utter absence of 
running water over tile surf-ttce of these flats, and the abundance of it 
stored in their structure beneath. Not only does this basin and plains 
formation immediately imbibe all the rain which falls upon its sur-
face, bnt tile great torrents, which pour down the mountain sides 
and canons disappear immediately upon reaching the plain, the water 
being quickly imbibed by the porous structure of the plain. Not only 
are the torrential streams thus drunk in, hut many constant streams, 
which ilow from the snow-clad peaks or mountain spring-s, such as the 
SeYen Rivers, the Tularvia, and the numerous "lost rivers" of New 
Mexico and Texas, quickly .disappear on reaching the plain. 
Immediately underlying the porous beds of the Llano, which is the 
latest and capping formation of the area, is still another character of 
structure, consisting of the red and sandy clays known as the Red 
Beds. These are the surface formation of a large area of country east 
of the Llano in Texas, known as the Concho-Abiline country. This 
formation imbibes water more freely than the mountains, but far less 
than the Llano. Consequently, its surface is eroded with many dry 
creek beds or aroyos which for some time after a rainfall have running 
water, derived mostly from the base of the overlying Llano formation 
or the Trinity sands and conglomerate, of which more will be said 
later. The rainfall upon these clays quickly flows away to the rivers, 
and from the rivers to the sea, so that the people of eastern Texas often 
see the spectacle of great rivers-often disastrous oYerflows-of the red 
waters which quickly follow the rainfall in the t\.biline-Concho country. 
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Again, to the eastward there is a vast area of country known as the 
Black Prairie and Grand Prairie regions. These are underlaid by 
chalks, chalky clays, oolites and chalky marls. All these formations, 
except the clays, are nearly as porous as sand, and imbibe nearly as 
much water. This region, too, drinks in much of the rainfall, but not 
as mnch as the Llano. 
If it were possible to view this region of mountains, Llano, Estacado, 
Red beds, chalks and sands, while a rain was falling uniformly over the 
whole region, the following diverse phenomena would be seen: First-, 
torrents pouring down the impervious mountain sides on to the plain, 
and there disappearing beneath its level surface; second, the level 
surface of the Llano would be void of streams or surface drainage, but 
most of the water would be imbibed almost immediately or temporarily 
forming on the surface in ponds or lakes, like liquids in tile chemist's 
filter, until it can pass downward; third, the Red-bed CC'untry would 
be co\Tered with rills, rivulets and torrents, laden with sediment, which 
would soon empty into the arterial drainage of the Red, the Brazol', or 
the Colorado, fourth, the rainfall upon the chalky regions and tile 
oolites would be imbibed almost as quickly as upon the Llano, except 
in the clay areas; while streams flowing from the Red beds or coal meas-
ures would almost wholly disappear in that portion of their course, as 
shown upon the maps. 
After the I'ain had ceased an observer would be impressed by the 
fact that the representative rocks of these different areas not only ex-
hibited different capacities for imbibing water, but also for transmitting 
it tltrough their structure by percolation; and would find that those 
rocks which imbibed the least water, like the limestones, porpLJTies, 
and quartzites of the Organ, the Gnadaloupe and other traus-Pecos 
mountains most slowly transmitted it, so that for days, perhaps months, 
there would be springs and seeps flowing from the crevices and contact 
plains of the high mountain slopes, keeping alive delicate ferns and 
rare plants that one would hardly expect to find in that region. On 
the surface of the Llano, except where slight quantities of clay were 
mixed with the sandy loam, it would be found that in an hour or two 
there would remain little evidence in the drJ surface that a shower had 
fallen, the water having quickly penetrated to depths beneath. The 
chalks, the oolites, the marls, and the sands would also exhibit similar 
pllenomena with Rligbt variations. The red beds and clay areas, such 
as tile Black \Vaxie and Abilene countries, where there is much clay in 
the structure, would be wet and muddy for many da.ys after, in exact 
proportion to the amount of clay they contained. These great differ-
ences are all due to the difl'erent dt'grees of porosity or percolation of 
which the different rocks are capable. 
The disposition of this imbibed water is another matter of great vari-_ 
ation and interest. This would depend not only upon imbibition and 
percolation but upon stratification and its arrangement. The stratifi· 
cation of the sandy formation of the basins and the Llano Estacado * 
is almost horizontal, and the water percolates downward until its further 
progress is trrested by the imprevious beds upon which this formation 
is deposited. The I llano Estacado is a great mesa or table land, of which 
tlle porous formation forms the cap or summit, as shown in the accom-
panying figures. 
Wherever the Llano formation comes in contact with the underlying 
• This formation is composed of the sediments of a great interior fresh water lake, 
which covered all the great plains region and surrounded the mountains in Tertiary 
time. It is composed mostly of the debris of the mountains and underlying forma-
tions. 
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beds, springs ureak forth and these. united make the sources of the Red, 
the Brazos, and the Colorado. The surface and ~Slopes of this great 
mesa are dry from evaporation, but its whole interior, the interstices 
of its component sands, is filled with water, so that to-day there are a 
thousand wells upon its surface which reach down to this water. Thi.s 
mesa cap, surmounting the impervious red beds ansi mountain t·oek 
can be compared to .a great saturated sponge laid upon an impervious 
marllle slab, the surface dry, but the interior full of water which finds 
exit at the contact with the slab. This is the theory of the sheet water 
of the Llano. 
_ If this formation, instead of capping the plains and surmounting all 
others, should dip beneath other impervious beds, like those which un-
derlie it, and the water shonld be carried beneath the lower regions to 
the eastward, it would coustitute a receiving area for a large artesian 
supply. The sands of the two belts of cross timbers do incline in this 
manner to the eastward beneath the populous central distriet of Texas, 
aud supply the water for the magnificent arte~ian wells of that region. 
ln England and Continental Europe much has alrea(ly been done in 
this line, and for the convenience of those who wish to study the ques-
tion further, I append the following extracts from a theoretical discus-
sion of t.he subject by Prof. Joseph Prestwich, of Oxford University, 
EnglanJ: 
UNDERGROUND WATERS AND SPRINGS-DISPOSAL OF THE RAINFAl.L. 
The action of the rainfall, in rehtion to that portiou of H whieh runs off at once 
from the surface, bas alrea,dy been sufficiently considered. We now have to treat of 
that other portion of the rainfall w)_1ich passes under ground and plays a no less im-
portant part in its geological bearings. 
It is eMimated that m these latttudes and in countries where the surface presen t.s 
the ordinary variations of permeable and impermeable strata, about one-third of the 
rainfall is lost by evaporation, another third flows at once from the surface into the 
rivers, while the remaining third passes under ground to feed and maintain tlte 
underground springs. These proportions necessarily vary aecording to the nature of 
the ground-a large quant.it.y running oft" at once into the rivers wherever the strata 
are argillaceous or hard and compact. In river basins so conditioneJ. the rivers are 
consequently u1ore torrential-overflowing in winter, Lut often dry iu summer. 
\V here, on the contrary, the strata consists of permeable, sandy, antl free stone strata, 
or of 1issnreJ. limestones, a large proportion of the raiufall passes nntler gronnd, and 
is there stored to he gradually retnrneJ. to the surface in the form of perennial 
springs. 
The foregoing definition, however, harJ.ly expresses the actual case, for the river 
diseharge is really compose<lnot only of the immediate surface drainage, but also of 
that otl.ter portion of tbe rainfall whicll, after passing beneath tile surface and re-
maining there for variaiJ!e lengths of time, ultimately finds its way into the rivers 
by means of the springs jnst meutioned. A certain quantity of this water may pass 
directly throngh the underground strata to the sea; but this only takes place on or 
near the seaboard, and does not materi:-~,fly affect the general result. The river de-
livery therefore represents in fact both the raiufall at once draining into them from 
off the snrface, and part of that which, thongh it passes under ground, is finally, 
t!Jrongh the agency of springs, discbat·gerl into the rivers, less the portion lost by 
evnpora tion. . As a eon seq nence of these several conditions tlle discharge of rivers, iu 
relation to tlle raiufall, dift"ers greatly in different areas, as shown in the following 
table: 
Rivers. 
Thames at Staines·---·- .••..••••• -.••... -- ..•••..••••••.....• ·-----·---.-·-- •. 
~~~~~sa~t"\Bv:~~~!· :::::::::::-:::::::::: :::~:: :::::::::::::::::::::::::::::::::: 
Geronne at Marmaurle .•••.•.••....••••• --·-··- ....•..... -·-·--· ---····-··-- .•• 
SeiHe at Pari!! __ .... ·---- . ___ ... _ .. ----·· _______ .. __ ..•.•.. ___ ..••••..••.•.. __ _ 
Saoue at Trevoux ..••••••••••.. -- ...... --· ........•..•••••••••.••••..•••••••••.. 
A:pproxi- I Depth 
mate 

















CAPACITY OF ROCKS .FOR ABSORBING WATER. 219 
While the action of the off flowing snrface water is, as previously Rhow~, mainly 
mPchanical, the action of the nndergronud waters is more purely chemical. It is 
theHe latter which give rise not only to ordinary springs but likewise to mineral aud 
thermal springs, and which also ha\'e been so important an agent in all those great 
changes of rock structure known as metamorphism. 
Capacity of rocks for 1vatm·.-This is a very variable property. All rocks absorb 
water more or less, but the quantity of available water which the strata may con-
tam has to be looked npou as distinct from that which a rock can imbibe. The onl3 
is the portion which tlw rock holds until'it is lost by evaporation or driven off by 
ht•at, while tho otber is that which passes more or less freely through the strata. 
The latter is the condition which prevails when the strata are Lelow the liue of per-
llHUJeut saturation, and the former is that which obtains when the rock is above the 
line of saturation. Tbe one may he called the " water of saturation," and the other, 
which is held Ly capillary attraction, the "water of imbibition/' or the "quarry 
wat,er." Percolation is a property tlependent on both conditions jomtly. 
Satnration and irnbibitiou.-Some experiments show that while the presence of a 




per cubic per hour. 
Thnnet_ sands, fine and sl~gbtly argillaceous ....•••.•••••.••....•.•.. ··········I 
Wool wJCh sands. fiur-gramed, quartzose ..................................... ·I 
L(>\rer greeu sand, very conr»e .............•••....•.•.......•....•....•... ... 
Lower green sand, coarse and ferruginous ...•••.•••••.......•••••.•.••....... 















U. ppe.r green Aand, sliu:htly argillaceous, quartzose .......•...•.•••.• ·········-~ 
. - - ------- --··--- ··--- -- ----- ____ _,_ ______ _,__ __ _ 
Chalk was found to absorb and hold about 2· gallons of water per cubic foot 
More recentJy M. Delessee maue a series of experiments on the water held in a 
_g1 eat variety of rocks fully saturated; the following are some of the results which 
he obtained with the materials in fragments: 
--------------------------------------
~~~::l:i~~~. ~~~~~~: s~:~~~~t~~}.: :::::::::::::::::::::::::: ::~: ::::::::::::::::::::::::::: 
Galea ire grossier (a calcareous freestone), average of five specimens ..•.•.•.........•••... 
!.ower terti>~ry samlstone, pure qu.trtzoso .....•• : ....................... . ................ . 
Ef.~~~~~l~l~~l!s~:.:: ·. ~:::: ~:::::: :::::::::::::::::: :~:::::::: ::::::::::::::::::::::::::::: 
De\'!mian linwstone, Boulogne ........•...•............••...••••.•.••...•••...••.••...... 
Siberian slate, Angers ................................................................... . 
Gmmte (fine-grained), Brittany .......................................................... . 
Gr.mite (hornblenllic) ................................................................... . 
Porph~ritic trachyte, Mont-Dora .•.•.•••••..•..••..•................••...•.............•. 
Basalt, Haute Loire ......••.•.•••••.••..••••••••..•••••....•....••.••..•••...•••.•........ 
I 
Water in 















M. De Jesse gives the proportion of quarry water, or, as I would propose to call it, 




Upper chalk, Mer.don ..•...•••.•••••..•.••••••.......•..............•. -~---· ...... .••..... 19.30 
Chalk, flint ........•....•••.•••••.......••••••••.••..•.••.......•.... -~·-················· · 0.13 
Plastic clay, Issy ......•.......•..••.•.•••.••••..•..•...••••...• ~. .•••... .. • • . . •. • . • .•••... 19. 56 
Light-green magnesian marl, Bagneux...... ....•• .....• .••••• ...•.. ..•••• .••••• ...... .•.. 27.99 
Large-grained granite, Semnr.......... ..•..•••••..•...•...••.•••....... .••..••...•. ...... 0. 37 
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The absorbent power of various rocks as building stones was also carefully cleter-
minedby the commissioners appointed to select the stone for the houses of Parliament. 














Great oolite, Bath ........................................................................ . 
Great oolite, An caster .................................................................... . 
Great oolite, Baruack .................................................................... . 
Magnesian lime::~tone, Bolsover ......................................................... .. 
~~=~~:f r::£~i:'f~~~~::;;i,;~:: :::::::::::::::::::::::::::::::::::::::::::::::::: 1 
Mr. E. Wetherel has recently made a series of observations on the porosity of other 
classes of rocks, with respect especi-ally to their water-bearing characters. The fol-
lowing are some of the results: 
Inferior oolite, freestone, Cheltenham ......................................... . 
Inferior oolite, liltlestone, Uheltenham ......................................... . 
~:~~~~l~~ ~~:~~~~~~~~l .. l\6~iff~~-~~~--- ~ ~: ·:. ·. ·. ·.·. ~ ·. ·:. ~:::::: :~~ ·:.: :·.: ·:.::: ::::::::::: 
~J}.~l~~~~~l~: ~~t~:~~~.: ~ii~i~~:: :::::::::::::::: :::::::::::::::::~ :::~: ::::::: 
Old 1 etl sand~tone, Gloncestershire ............................................ . 
Old red conglomerate, Gloucestershire ....................................... . 
Old reel flags, Uaithuess ........................................................ . 
Pr?portion Gallons 
of water ~ b' 
absorbed by per cu lC 
100 parts foot of 





















It will be seen that the (1uaniity of water absorbed by the different strata is very 
variaule. It is snmll in compact sandstones and limestones; large in soft sandstones 
and oolites, tho largest in pure quartzose sands. But the full absorbent power of a 
1·ock, which represents Loth the water of imbibition and of saturation, does not rep-
resent its value as a water-hearing stratum. Clay can absorb a large quantity of 
water, but transmits none. Chalk absorbs freely, but transmits slowly, and in small 
quantities. A saud of the upper greensand, although when saturated 3 gallons per 
cubic foot, only transmitted in consequence of the presence of a small relative pro-
portion of argillaceous matter, 3t gallons per hour, where as purer sand of the lower 
greensand, although only holding when saturated 2 to 2t gallons, transmitted at the 
rate of 8 to 14 gallous of water per hour. 
Laboratory experiments, moreover, are made on compact, unfissured places in the 
several rocks, whereas in nature of the cbalk, oolites, and sandstones are traversed 
by joints and fissures, which bold and transmit water fi·eely. Even compact, im-
permeable limestones, for this reason, will form high waterless tracts, with strong 
springs issuing in the valleys. The value of the strata. as water- bearing strata is in 
direct ratio to the capacity of satmation and in iuveTse ratio to the power of imbi-
bition. Thus, although solid chalk and loose sands may hold t.he same quantity of 
water, the resistance to the free passage of water in the former is to the latter in pro-
portion of about 600:1. In impermeable strata, such as quartzites, slates, granites, 
clays, etc., saturation and imbibition are more or less nearly balanced. 
If, with strong imbibition, the rocks are als~> compact, percolation is very slow, as 
in the case of deep-sPatecl and undisturbed chalk; but if they are :fissured, the cracks 
and fissures serve as channels and conduits to facilitate the passage of water. Iu 
oolitic strata and suft sandstones fissures and joints prevail as a rule. 
But while the power of imbibition interferes with percolation, it is of the highest 
value in its geological aspect; as apart from free percolat.iou, it tends to the trans-
mission a.ncl retention of water to great depths nuder ground, and bas ever been pow-
erful agent in metamorphism. It is a force clue to capillarity, and in part is the ~tffin­
ity of certain substances, alumina, especially for water-not chemically, but hydro-
metl'ically. • 
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The preceding examples of the habits of water are given to illustrate 
the difference: in value of rainfall upon dissimilar geologic structure; 
aud it will be readily seen that it would require vastly different arnouuts 
of rainfall to charge these different rocks with relatively the same 
amount of moisture, and to produce an accompanyiug similarity iu 
water conditions of the difl'erent areas. In the ligpt of this difference 
in the capacity of rocks for absorbing or imbibiug, transmitting andre-
taiuing moisture, the whole question of water supply in the arid region 
must be studied, and the present classification of all natural condi-
tions upon the annual inches of rainfall be greatly modified. Dy tl1e 
study of these relations of rainfall to structure alone can the water ca-
pacity of the great West be ascertained. 
'fhe study of t,he relation of structure and. rainfall also opens up a 
large and legitimate field of agricultural inquiry. If a small amount 
of clay in a santl will decrease the percolation, without diminishing its 
capacity for imbibition, it is important to study the artificial mixture of 
clay to produce this effect in arid sandy soils. Likewise will it be 
proper to reverse this method, and mix sand with clay soils to increase 
their capacity for imbibition. 
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CULTIVA:TION OF THE RAISIN GRAPE BY IRRIGATION. 
CALIFORNIA DISTRICTS. 
[This ata.tement is condensed. from a recent publication by Professor Gustav Eisen, 
· Fresno, California.~] 
While the planting of raisin grapes and the production of raisins 
in California dates back some 30 odd years, the raisin industry can not 
be said to be yet 20 years old. Already, in 1851, Col. Agoston Har-
aszthy grew Muscatel vines from seeds of Malaga. raisins. On the 25th 
of March, 1852, he imported the Muscat of Alexandria, and 10 years 
later during a visit to that place on September 27, 1861, he selected 
cuttings of the Gordo Blanco, which afterwards were grown and propa-
gated on his San Diego County vineyard. The same year he imported 
Sultana vines from Malaga and white and red Corinth from Crimea. 
Colonel Haraszthy was, therefore, the first one to introduce the raisin 
vines in California. Another importation of the ovoid Muscat of Alex-
andria was made in 1855 by A. Delmas and planted at San Jose, ac-
ccrding to a statement made by his son, D. M. Delmas t, a prominent 
San Francisco lawyer. G. G. Briggs, of Davisville, also impo'rted Mus-
catel grapes from Malaga in Spain, while R. B. Blowers, of Wood-
laud, Yolo County, started his raisin vineyard in 1863 from Gordo 
Blanco cuttings received from Colonel Harasztby. In 1876 W. H. 
Chapman imported the best Muscatels from Spain for his colonists 
in the central California colony in Fresno, which proved in no way dif-
ferent from those already growing there. Who produced the firHt 
raisins in California will probably never be known. .According to page 
88 of the report of the State Agricultural So~iety of California, 1863, 
cured raisins were exhibited by Dr. J. Strentzel at the State fair in 
1863.f The first successful vineyards in the State were those planted 
by G. G. Briggs, at Davisville, in Solano County, and by R. B. Blow-
ers, at Woodland, in Yolo County. Both these gentlemen grew the 
raisin grapes on a large scale and. shipped raisins extensively. The 
Briggs vineyard consisted mainly of Muscats of Alexandria, while the 
Blowers vineyard contained t.he Gordo Blanco. Both these vineyards 
produced raisins as early as 1867, but it was not until 1873 that their 
raisins cut any conspicuous figure in the market. That year 6,000 
boxes were produced in the State, the majority by far coming from 
these two vineyards. 
In 1873, in the fall, the Muscat vines were first brought to the Fresno 
raisin district where 25 acres of the Muscat of Alexandria were planted 
~The raisin industry. A practical treatise ·on the raisin grapes, their history, cul-
ture, anrl curing. By Gustav Eisen, S. 1!'. H. G. Crocker & Co., U!90. · 
t See also Wickson's California Fruits, p. 357. 
t Same, p. 79. 
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in the Eisen vin('\yard. A ft>w years later, or jn 1876 and 1877, T. C. 
White planted the Raisina vineyard in the central California colony 
near Fresno, from Gordo Blanco muscatels brought from R. B. Blow-
ers's vineyard at Woodland. The following year, or in1877-'78, Miss M. 
F. Austin began impro\ing her Hedgerow vineyard, also in the same 
colony, with grapes of the same kind as Messrs. ~\Vhite and Blowers. 
Robert Barton had · also planted some 25 acres of Muscat grapes, but 
did not make raisins until later. The year 1879 saw the first planting 
of the A. B. Butler vineyard, now the larg·est vineyard in the State. 
J. B. Goodman had begun improving his place at the same time, while 
Col. William Forsyth enter~d upon raisin-grape growing between 1881 
and 1882, most of his grapes, however, being planted a year or two later . 
. From that time the raisin vineyards in Fresno multiplied rapidly, and 
about 1~86 and 1887 rais-in production became recognized as the prin-
cipal industry of the district. 
The history of the development of the raisin industry in the other dis-
tricts of the State runs very much the same. Riverside had entered 
the field in 1873, when the founder of that colony, Judge John Wesley 
North, planted the first raisin vines of the Muscat of Alexandria variety. 
In El Cajon Valley, in San Diego County, the first raisin vines of the 
Muscat of .Alexandria variety were planted there by R. G. Clark in 1873, 
but the raisin industry did not get a good start until 6 or 7 years ago, 
while most of the vineyards were planted from 1884 to 1886. In Orange 
County raisin grapes were planted at the same time as in Riverside and 
El Cajon by McPherson Bros., near Orange, now called MacPherson. 
The raisin industry developed rapidly, and Robert MacPherson, the 
largest grower and packer in the district, and at one time in the State, 
handled Jearly over 100,000 boxes, while the yearly crop of the district 
rose to 170,000 boxes. 
In central California the raisin industry is gradually spreading from 
the original center around FrP-sno, the gfeater freedom from rain and 
the better facilities for irrigation .ofl:'ering great inducements for the set-
tlers to engage in the growing and curing of the raisin grapes. The 
San Joaquin Valley is specially adapted to the raising of raisins; the 
Fresno raisin districts being by far the largest, and now producing 
about one-half the raisin crop of the State. In San Bt>rnardino County 
and district the raisins are also grown to great profit and with great 
facility, and are of equal quality with those of the interior of the State. 
But the raisin industry is here gradually giving way to the culture of 
oranges and other citrus fruits, and the increase in the raisin acreage 
has, therefore, not been so great .as in the San Joaquin Valley. In El 
Cajon irrigation is not used, and the raisins produced there are very 
similar to the Malaga raidins, but through absence of irrigation the 
crops are smallet' than in any of the other districts of the State. In 
Los Angeles and Orange County district the raisin industry bas suf-
fered immensely from the ravages of the vine plague, and the output 
of raisins there has dwindled down to almost nothing. 
In the interior of California, north of Solano and Yolo Counties, 
large quantities of raisin grapes have been planted during the last few 
years, both in the foothill valleys, out on the plains, and in the bottom 
]ands of the Sacramento, Yuba, and Feather Rivers, etc. Raisins of 
very good quality have been produced in that part of the State for 
years in limited quantities, but it is yet a question to what extent that 
part of the State can compete with the central and southern parts. In 
Sntt~r Connty, around Yuba Uity, the cultivation of a seedless raisiu 
grape is advancing rapidly, the raisins made from it being of excellent 
quality and findi:ng a ready market. · 
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Acreage and crops.-The quantity of raisin vines planted can not be 
estimated correctly: but it is certain that at least 65,000 acres of Muscat 
vines are now set in the State, including grapes in bearing as well as 
vines lately set out. 
California enjoyH a climate peculiarly adapted to the culture and 
cul'ing of the raisiu grape. The summers are warm and rainless; the 
winters moderately rainy. The interior is free from injurious fogs and 
heavy dews, while the most southern coast is only visited by warm fogs • 
which are uot greatly harmful to the gt·apes. Irrigation is practiced 
almost everywhere except in the El Cajon Valley aml iu some uortllern 
districts of the State, but even there I think judicious irrigation would 
be beneficial to the crop and greatly increase it. The dema.n<l for Cali-
fomia raisins has kept pace with tbe improvements i11 curing and pack-
ing, and has steadily increased from year to year. 
Tlle irrigation of the raisin grapes was for several yean;; considered a-
practice entirely peculiar to C.:.~lifornia, but as knowledge extended it 
was fonnd that far from heing anything at all new ·it had been practiced 
for centuries in some of tile Mediterranean countries. Irrigation is eus-
tomarv both h1 the Valencia alHl Denia districts as well as in Greece. 
It is e~vident tllat irdgat ion there is only limited. by the supply of water, 
and that there is uo question about its usefulness. As to method.s, the 
following points are of more general interest to our California growers: 
Necessity of irrigating the raisin vines; the health of irrigated vines; 
the bearing qualityofirrigated vines; the quality of the irrigated grape; 
supposed unhealthful ness of irrigate<l vineyards; irrigation by floo<l-
iug; irrigation by furrowing; sub irrigation; seepage; drainage; irri-
g·ation, and its iuflueHce on the soil. 
When the irrigation of raisin grapes was :fir::;t attempted in Frenso 
and Riverside hardly an~· oue was acquainted with or knew that irriga-
tion had ever been used for such a purpose before, and irrigation was 
considered as a venture wltich <lid not promise well for the future. 
I.Jater on it was fonnd that the raisin grape really would grow and do 
well in Home localities without irrigation, aml irrigation was accordingly 
condemued. To-day, llowe\~er, the practical knowledge of irrigation is 
greater and more generally distributed, and it is now fully understood 
that irtigatiou is uot only uot injurious but beneficial and necessary iu 
localities where the rai-sin vine will not grow or bear snfficientl,y with-
out it. The questions tllen arose: When is irrigation necessarJ·, and 
how much irrigation is required~ The first o~ject in raisin growing is 
the profit; a secondary object is how to treat the vines that they may 
last as long as possible. When a larger quantity of good raisin grapes 
can be grown with irrigation than without it then irrigation is neces-
sary aud justifiable. In Spain, especially in the Denia district, irriga-
tion of the raisin grapes is practiced wherever the water can be had, 
and the same is the case in Greece and. Italy. · 
In Caiifornia the tendenc,y now is to irrigate wherever water can be 
had, and wherever it is profitable to procure it. In Fresno, Tulare, and 
Kern Counties raisin grapes could not be grown without irrigation. rhese 
same conditions are also found in San Bernardino County, wllile in Los 
Angeles aud Orange Counties all the l1est vineyards are irrigated, and 
only occasionally do we find. tile coudit.ions such as to renuer irrigation 
not absolutely necessary. In northern California raisin vines may be 
grown without irrigation. but the latter is considered of such advantage 
that <'xpcnsh'e pnmpin~· works haYe lwen ereeterl in placPs wlH•re no 
othet· meaus eoul<l be hall for irrigating the vines. Ln San Diego 
Oounty, especially in Cajon and Sweetwater Valleys, irrigation is not 
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absolutely necessary; in fact it is not practiced there at all although 
water could be had, but as a consequence the crops there are not as 
large. Iu Smyrna, in .Asia Minor, the largestraisTn center in the world, 
the raisin vines receive no irrigation, lmt the usual heavy rainfall of 
this section makes the want of irrigation less felt. Of course, outside 
of the raisin districts proper, Muscatels or other raisin vines may be 
grown, aud are grown to good advantage without irrigation, but the 
climate in those places is generally unsuited to the drying of the grapeH. 
If the inquiry be made wlly raisin grapes may in some localities be 
grown and actually prove profitable without irrigation, it will be found 
that it depends not alone upon the rainfall of a locality, lmt principally 
upon such otller circumstances as dew, fog, the nature of the subHoil, 
an<l the moisture of the air. In Smyrna the rainfall of the wet sea-
son is from 24 to 36 inches annually, which is greater than in any other 
raisin district. In El Cajon, San Diego County, Cal., the rainfall is 
only half that much, and the moisture in this case must be sought 
partly in the subsoil, which is especially retentive of moisture, a~ well 
as in t.he dew and the warm fogs from the ocean. The subsoil has 
tlle greatest possible influence, as in other valleys near by where the 
fog and the dew are the same; but where the subsoil is different no 
raisin vine can be grown without irrigation. Malaga is, in this respect, 
very similar to El Cajon and Sweetwater Valleys; but it enjoys more 
rainfall than the latter places, wltile the dew and fog are about the 
same. Still, in :Malaga, irrigation is made use of in a few isolated 
localities, where it can be obtained, the nature of tlJe country being 
such that no general irrigation system is possible, and this is probably 
the reason more than anyt.lJing else why the vines are more geuerally 
irrigated there. In Chili, in the valley of the Huasco, the Mu:scat 
vines are grown both with and without irrigatiou, the conditions there 
appearing to be ver,· similar to those in El Cajon Valley, iu San Diego 
County. From the above might be drawn a geueral conclusion that 
wherever the raisin vines can not grow without irrigatioll, and wher-
e\'er water can be had in sufficient quantities, irrigation i~ practiced in 
order to increase the crops and to make the business more profitable . 
.As regards the health of the vines, the old idea in this country that 
the vines would sufler from irrigation is decidedly erroneous. The vine:s 
of Denia, in Sp·ain, have been irrigated for 80 .years or more, and are 
to-day the healthiest vines in Spain. Similarly in Fresno, where the 
water level is, as in Denia, only from 5 to 10 feet below the surfact-, the 
vines show no signs of decay, while many of the raisin vines in other 
parts of the State, especially when planted on the hillsides, show 
diseases which baffle the cultivator. I do not, of course, mean to say 
that irrigated raisin vines are entirely free from disease, but only that 
so far the hea.lthiest and strongest raisin vines in the world are those 
which are irrigated and which have always been irrigated. Of course 
in this respect the Muscat grapes, as well as the currant vines, differ 
materially from certain winch grapes, which as a rule have originated 
on drier soils, and which, if grown with irrigation, deteriorate and yield 
inferior fruit. The raisin vines require much moisture, and if this is 
not supplied in one way or another they will suffer and prove unprofit-
able. 'fhe same is observed iu soils which rapidly lose their moisture. 
In such soils the ~fuscat is not at home, and its health and vigor an\ 
seriously irnpairecl . 
.As to the be:ning quality of the raisin grapes under irrigation, we 
know with certainty that the irrigated raisin vines .vield by far the most. 
In Valencia and Denia the vines yield from 5 to 10 tons per acre, and 
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so do those of Riverside and Fresno, while the El Cajon unil'rigated 
vines yiel<l only from 1 to 2 tons per acre. If the latter place would 
irrigate judiciously its Muscat vines they would no doubt bear as well as 
those of any other locality. 
The quality of the irrigated raisin grape is increased by judicious 
irrigation. This is readily seen in all irrigated districts, where those 
vines which receive their proper share of water produce the largest 
bunches and berries; but it is also evident that too much water will 
cause a deficiency of sugar in the grapes as well as a-lack of flavor, by 
which the irrigated grapes can always be distinguished from those 
grown with natural moisture. Grapes too frequently irrigated are 
wanting not only in sugar, but also in color. Such grapes remain 
green to the end of the season, and n(:wer assume that amber color so 
valued in grapes and which alway~ indicates what kind of raisin will 
be produced when properly dried. In the interior valleys of lJalifornia, 
where the sun and the wind sometimes produce sun scald of the berries, 
which cause them to dry up or fall off long before they are properly 
ripe, this defect is observed much more frequently on vines which suf-
fer from want of water than those which have had enough. When the 
soil is not sub-irrigated, it is therefore advisable to irrigate the vines 
at the end of June, just before the hottest part of the summer arrives. 
Similarly, irrigation will help to swell out the berries, if applied just 
before they commence to ripen. 
In conclusion, it might with truth be said that the raisin grapes may 
in many localities be grown without irrigation, but that in California, 
in Greece, and in Spain the largest and most prosperous districts are 
those where the raisin vines are liberally irrigated. The Muscat grape 
seems especially to lo\e water, and in the real raisin districts the 
healthiest vineyards are those that are best irrigated. The berries and 
bunches are also increased in size, but not in flavor and aroma by irriga-
tion. In places where the raisin grapes will not bear without irrigation 
the latter of course is a necessity. There are always naturally sub-irri-
gated parts, where irrigation is unnecessary. But these parts are 
generally confined to river bottoms or natural sinks, which so far have 
played no important part in the raisin industry. Considered from a 
practical standpoint, irrigation of the raisin vines is necessary in Cali-
fornia, and should it from some reason or other be made impossible, the 
raisin industry would not prove profitable or even possible except in a 
few very limited localities. Much has been written as to the supposed 
unhealthiness of the irrigated vineyards. The malaria prevalent in 
some vineyards is no doubt caused by irrigation, but it has been amply 
proved in Fresno aucl elsewhere that if the grower would know from 
the beginning how to so prepare his lands that there would be no stag-
nant pools, no waste water, and no r:wampy grounds, the so much talked 
of malaria would be as rare in the irrigated vineyards as anywhere else. 
It is not the irrigation, but the waste of the water, the carelessness of 
the irrigator, and the faultiness of the badly constructed irrigation 
works. After the vineyard has been irrigated a few years the malaria 
leaves it entirely. This is the experience in Fresno, where the vine-
yards after years of irrigation have become perfectly healthy. 
In the old irrigated districts water can now be found from 6 to 10 
feet from the surface in the driest season, while formerly the wells had 
to be from 50 to 70 feet deep. In the older vineyards and even in many 
of the younger ones, no more surface irrigation is used ; all that is now 
required is to allow the water to run in the main ditches, in which th~ 
water sinks sufficiently to keep up the supply of the evaporation of the 
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ground outside. Large tracts of land which have never been surface 
irrigated are now sufficiently moist to grow vines to the greatest per-
fection, and many of the best vine;yards have never been irrigated at all; 
in fact, nothing but drainage ditches have ever been made on the land .. 
Whenever such sub· irrigation exists the water level will be found 
higher in the winter than in the snmmer, and drainage should accom-
pany sub-irrigation in nearly every instance. A sub-irrigation like the 
above exists in Denia and other of the Spanish districts. Sub-irrigation 
may also be caused by either impervious subsoils, such as hardpan and 
clay, or by spongy subsoils, which keep the water like a sponge. Such 
is the case to a limited extent in parts of San Bernardino County. At 
Redlands, for instance, much less irrigation is now used than when the 
vines were first planted, and this fact is attributed to a spongy subsoil 
peculiarly retentive of water. A similar sub-irrigation exists in the 
Mussel Slough country, where the water rapidly fills the land and keeps 
it moist throughout the summer. The phenomenal moisture of the El 
Cajon land is probably also produced by some kind of sub-irrigation, 
either on impel'vious or through retentive strata; the waste water from 
the surrounding hills no doubt supplies much of the water appearing 
_ in the lower lands of the valley. Other valleys close by do not show 
this moisture, the underlying strata probably making sub-irrigation im-
possible with the present amount of rainfall. 
Seepage is the quality of the soil to attract moisture and retain it. 
Seepage soils attract the water from a ditch run through the land, the 
water spreading all through the soil toward all sides instead of sinking 
only vertically down. There is a distinct difference between such 
seepage soils all(l those which do not seep, although there is a grada-
tion in the degree of seepage, some soils seeping more than others. 
Thus the Fresno soil or the soil of the Fresno Plains, especially the red 
and sandy soils, do not seep or percolate. Vines planted on the sides 
of the ditches, or a foot or two from their banks, will die or dry up if 
not specially irrigated by bringing water to their very roots. Other 
soils, especially the river-bottom soils or the alluvial soils, seep or per-
colate in a great or less degree. They act like a sponge, attract water 
and give it away slowly, and the soil will be found wet for long dis-
tances from the ditch. This seepage capacity of the soil is partly caused 
by an abundance of humus or vegetable matter. The seepage capacity 
of the soil greatly increases by admixtures of green vegetable matters, 
through tlle plowing under of green cropR, such as alfalfa, pease, beans, 
grain, etc. The value of seepage soils is seen especially where some 
uneven ground is scraped off and the soil removed to low places. Such 
ground often becomes useless for years afterwards, especiall.v if the 
quantity of humus in the lower soils is small. Frequent irrigation will 
not serve to keep such soils moist, as the water sinks rapidly down, 
leaving the poor topsoil dry. Vines planted in such places never do 
well, and even heavy manuring will not suffice to bring on a strong 
healtby growth. Such humus. wanting soils must be treated with green 
crops, as stated above, in order to become fertile and moist. Thus 
seepage and sub-irrigation are often confounded. The former is caused 
by the retentive and communicative quality of the soil, while the latter 
is caused by the natural or artificial distribution of the underground 
water. 
Sub-irrigation and seepage combined make the most perfect irriga-
tion for a raisin vineyard, with advantages that can in no other way be 
attained; absence of distribution ditches, which take up valuable land 
and which cost money to keep free from weeds; less growth of weeds 
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on the surface of the ground; greater mellowness of the topsoil and 
less work in plowing generally; a greater and more uniform supply of 
moisture, which instead of being near the top of the ground is accumu-
lated deeper down, thus causing the roots to go down instead of spread-
ing near the surface; no expensive irrigation which will r.equire plow-
ing every time after the water is spread on the surface ; a greater 
coolness of the ground and a lower temperature generally, which shows 
itself in the more vigorous growth of the vines, a greater supply of 
grapes, and less danger from sunburn-thPse and many more are the 
advantages of sub irrigation and seepage combined. To attain them 
in a raisin vineyard no labor an<l reasonable cost should be spared. 
Drainage is necessary in all vineyards where large quantities of water 
are used for irrigatiOn, and principally at the very time when sub-irriga-
tion begins. Thus in Fresno County the best raisin vineyards are those 
in which the land is both sub-irrigated and drained. When irrigation 
commences in any certain district no one thinks of drainage as a pos-
sibility, and great carelessness is shown in locating ditches and other 
irrigation works. But in a few ;years when the soil is full of water 
which finds no outlet, drainage becomes both necessary and desirable. 
A very successful and highly necessary drain has been constructed 
throngh a part of the Fresno district, which so filled up with water 
dnriug the rainy winter of 1883-'8! that much of the ground could not 
be plowed until late in the spring. The drain remedied the evil and 
drained the soil, and the vineyards grown there are now counted among 
the best and most profitable. The water thus drained off lowered the 
water level from 6 to 7 feet. In very dry seasons this ditch is filled 
with water, and serves then to keep the soil moist through seepage or 
sub-irrigation. 
It is thought by many that irrigation helps to fertilize the soil. The 
spring and flood water contain great quantities of mud and humus, 
which, when spread over the land, will greatly increase its fertility. 
Even ordinary river water contains salts and other ingredients which 
will fertilize the soil to no small degree. Another cause of the increased 
fertility of subirrigated soils is that the water which constantly evap-
orates carries with it salts, etc., from the lower strata up towards the 
surface and makes them accessible to the roots of the vines. But, on 
the other hand, if the water or the soil contain alkalies or other destruct-
ive substances, these also are deposited on the surface to the great 
uetriment of the vines, and often to such an extent that the vines will 
die or become sickly. Too abundant flooding may also leach out of the 
soil its soluble salts and carry them deeper down in the ground. But 
if this soil after a while fills up with water and becomes subirrigated, 
the evaporation of water from the surface will gradually carry these 
salts back to the surface, when they will increaS'e the fertility of the 
soil. Where drainage is very perfect constant irrigation will gradually 
rob the soil of many of its solubie salts and carry them to places 
where they will forever be out of the reach of the vines. To ascer-
tain these facts and conditions, every vineyardist should have the soil 
analyzed about every 5 years, and too great care can not be taken to 
keep the soil of proper strength. 
Another influence of irrigation on the soil may also be mentioned: 
Some of the soils in the irrigated districts which were formerly very 
hard and difficult to work have, in course of time, changed and become 
mellow. The water has undoubtedly caused a chemical and mechani-
cal decomposition of tile components of the soil, which has caused it to 
continually improve. Even certain kinds of hardpan have been known 
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to dis~olve when irrigated, and to change into useful and mellow soil, 
in which tl.te vines can find nutriment. Such hardpans ~ll'P generally 
those which are genera1ly found in very dark red soils; thu:-.e in lighter 
soils are not _so easily dissolved. Professor Eisen says:~ 
IRRIG .A.'l'ION .A.ND THE CULT IV .A. 'I'! ON OF CURRANTS. 
California bas so far not cut any figure as a currant.-prodncing country, not be-
cause the currants will not grow, but because no one has ever seriously engaged in 
tbeir culture. Currant grapevines are scattered all over the State, but I know of 
no plantations larger than an acre or two. In Fresno a ft~w acres of currants are 
found in the Mirabelle vineyard east of town, and a few hundred vines are also 
grown on the Raisina vineyard in the central colony. Outside of these there at·e 
only scattered vines, as far as known. 'l'hese currants are all of the white variety, 
which is considered inferior to the black currant of Zant.e and the mainland of 
Greece. When dried tbey produce a most beautiful semi-transparent raisin, entirely 
seedless, with a very thin skin and of a very fine flavor. 'rhe yield, however, has 
not been equal to expecta.tions. Until we import the true black currant from Zaute, 
and find the most fovorable locality to grow them, it is not likely that currant cul-
ture will make much headway in this country. We have no doubt, however, that 
with our various climates many ]•laces will be found in California where the currant 
will yield enough to pay, provided Jur raisinmen will be satisfied with a reasonahltl 
profit. · 
He gives tbe following account of the conditions necessary: 
The soil best suited to the currant grape is a calcareous marl, which must be of 
good depth, loose, and easily worked. Such marls are also greatly prizecl for their 
great power of retaining moisture. But vineyards are planted in Zante, Cepbalonia, 
and Ithaca in the most different soils and situations. They are found in gray marls, 
in red clay, on the plains, and among the bills, in fact in the most widely different 
situations. The soil of Zante contains a small percentage of sulphate of lime or gyp 
sum, which is by many considered iudispensaule for the successful and profitable cul-
tivation of the currant vine. The currant vine thrives espemally in low and rich 
land which can be irrigated, and irrigation is quite essential to the perfect develop-
ment of the grapes. Many vineyards, boweyer, are not irrigated, the irrigation of 
course being only practicable on the plaius. The irrigation is practiced from October 
to the end of December, often while the natural rainfall supplies the artificial water-
iug. The lands are generally Sll'all freeboldings, owned by the peMants. The most 
v,Lluable currant vineyards are situated on the rich and level valley lands. 
The preparation of land for a cnrrant vineyard Il'5 expensive, as the land is hardly 
ever level enough to admit of the vines being immediately planted. The surface is 
therefore first leveled and divided up in smaller checks or flats, each one surrounded 
by a bank. The whole is covered with a network of ditches, which are necessary for 
the perfect irrigation of the soil. Where there is water enough the vineyards are 
irrigated in November and December, and are then :flooded as often as practicable, 
the water sometimes standing on the ground for weeks in succession. In perfectly 
irrigated vineyards the water is so arranged that it flows from one check to another, 
and is first shut off at the advent of the new year, when the pruning and cultivation 
begins. By this plentiful irrigation the ground becomes thoroughly soaked, andre-
mains saturated until the next season, when the rain again sets in and fills the irri-
' gation canals. No summer irrigation is used in old vineyards, and in young vineyardt~ 
only in cases of great necessity. . 
In the Grecian Islands and the Morea tbe best vineyard land vanes between $80 and 
$125 per acre for unimproved land. To prepare the land for the vineyard and irriga-
tion it will cost in extreme cases from :fl-20 to $50 more. The first year's cultivation 
and care of the young vines is of course different according to the locality, but the 
a.verage is seldom less than $50 per acre. The value of already planted property or a 
vineyard in good bearing is seldom less than $3~0 per acre, and often as high as $650 
per acre-four stremmas. Strange enough in calculating the cost of a vineyard in 
Greece no one ever takes in con~ideration the price of the plantation as the capital 
invested. The interest on the same is never considered by the natives. In this re-
spect they resemble or own farmers, who, in calculating the expenses of their farms 
never take into consideration the labor ofthe~selves and family. Of cours~ it is al-
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most impossible to obtain exact calculations of profits. The following will serve as a 
sample. An acre of vineyard planted to currants yields 3,200 pounds. The price ob-
tained for the same is~ cents per pound or $64. The labor of the year on 1 acre is es-
timated at $45, leaving a yearly profit of $19 per acre. In reality, however, this is 
not a true statement, as it does not consider the interest ou the capital. If the same 
should be added it is evident that there would be little or no profit in the growing of 
currants. The industry simply enables the peasant to live and support his family, 
and possibly to pay his taxes. Only the very best land and the best vineyards can 
pay enough to enable its owner to save a capital, generally a difficult thing in Greece 
for anyoue bnt a merchant or government officer. 
As a rule tho cost of prodncing 100 pounds of currant raisins is not less than $1.35. 
Whatever tbe merchant pays above this to the producer will be t'or the benefit of 
the producer. But as a rule this way of buying direct is not iu use. The merchant 
sells on commission, and what this means we who have bad experience in the raisin 
bnsi ness in California will know. 'Ve will sec bow a calculation of an acre of currants 
will look when all the expenses are taken into consideration: 
One acre of currants equals 3,200 pounds, at 3 cents per pound...... . . . .. . • • . $96. 00 
Expense on 3,~00 pounds, at $1.35 ........................................ .. 
Packing and hauling ...••.........••••.•••••...•••...••..•...........•..... 
Freight, insurance, duty, etc .............................................. . 
Interest on capital invested .............................................. .. 







In this instance the poor currant raiser has had no other profit than the 5 per 
cent. interest on his capital invested; he has, in other words, come out even. But 
figures sometimes are apt to lie. The profit no doubt is small to the producer, but it 
must still be some. He makes no doubt fair wages according to his own ideas, and 
as he bas paid for his capital in labor and probably never handled a dollar of the 
same he considers himself comparatively well-to-do. But as currant vineyards some-
times sell, and sell high, too, it is simply unaccountable that the interest is never 
taken into consideration in estimating the profits of the grower. 'l'be currant in-
dustry is, I believe, the only one iu the world in which this is not done. I have thus 
extensively dwelt upon the profits and expenses of this industry in its native country 
on account; of the many attempts to introduce the growing of currants in California. 
The question is, will it pay¥ One advantage in California is that currants would be 
protected, but it is very doubtful if currant plantations would ever pay enough to 
warrant their cultivation. The price paid at present h too low, and as long as 
Muscatels bring a higher price, it will probably be the fayorite grape with us. 
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IRRIGATION IN .AUSTRALIA. 
RECENT INVESTIGATION, LEGISLATION: AND ADMINISTRATION BY 
THE COLONIES OF VICTORIA, .NEW SOUTH WALES, 
AND QUEE.NSLAND. 
By RICHARD J. HINTON. 
INTRODUCTORY. 
On -the island continent of Australia tlie two leading colonial com-
munities, New So nth Wales and Victoria, have been for the past decade, 
or since 1882-'83, making special efforts in the direction of water con-
servation and the reclamation of arable lands by means of irrigation. 
In 1884 both colonies appointed what are termed "royal commis-
sions" to investigate the whoie subject. In 1885 the Victorian com-
mission, consisti11g of Hon. Alfred Deakin, M. P., then attorney-
general of tllat colony, ~1r. Dow, a well-1rnown agricultural writer and 
journalist, who had beeu in California th•e year preceding, and Mr. 
Derry, a well known ci\"il engineer, visited this country, making quite 
a thorough examination of our Western States and Territories and 
afterwards published a series of valuable reports. Mr. Deakin also 
visited Egypt, India, and Italy. He became minister of the depart-
ment of water supply, which post he hdd until the summer of 1890, 
when a change in policy caused the retirelllent of the ministry, of 
which he was so prominent a member. The New South Wales commis-
sion did not send its representathTes to other regions, but made dili-
gent inquiry, examining many witnesses and getting together much 
valuable evidence. Indeed, the reports, testimony, and maps pub-
liRhed by the two colonies form a most important part of the litera-
ture of irrigation-a specialist bibliography, which is growing rapidly 
in value, titles, and ability. The New South Wales commission gave 
in its first report, printed at SJdney in 1885, the evidence of 137 wit-
nesses, examined at 99 sessions, with an elaborate review and sugges-
tions as to the leg·islation to be adopted. Some of these are of value 
to us iu considering our own problems, and should be examined. 
AUSTRALIAN LAWS OF WA'l'ER. 
The colonial government, in leasing or selling public or crown lands, 
reserved of late years land deemed essential for the purposes of water 
supply present and future. This has brought up the whole question 
of "riparian" rights. The survesor-general required his assistants 
to select and recommend for reservation and public nse "permanent 
water-holes, springs, and parts of rivers desirable for water supply .. " 
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These instructions have been reasonably well followed, but the com-
mission consider that more intelligence and discretion would have 
resulted beneficially in securing a larger reservation of water-bearing 
and storage arrears. In order to avoid the conferring of riparian 
rights more or less definite iu character the official also requires his 
8ubordinates to omit meanders and contours in the matter of swamps, 
lakes, ponds, or lagoons, found within lands to be alienated from the 
Crown. Tue survey is to be run on right lines, thus avoiding all 
boundary issues. ''The doctrine of riparian rights, which obtains 
under the common law of England, is not applicable to the conditions 
of Australia," the commission reports, and "it is calculated to be a 
very serious ol'stacle" to Australian progress. The colony of Victoria, 
having by enactment reserved from sale all river or stream frontages, 
is relieved from the dread which riparian claims always produce in ar.t 
arid country. In New South Wales, how.ever, these · difficultie.s have 
arisen. Tile commission recommended state in place of private owner-
ship of all riparian rights. It illustrated this view as follows: 
We do not imagine that the rights of riparian owners, when water is provided for 
their requirements, can give any claim to compensation. If, however, we had rea-
son to think otherwise we should still be of opinion that state owner:ship of all the 
rivers and \Yater courses is so essential in providing and supplying water as to make 
it desirable that the Government should resume the title to ownership by giving 
compensation. Public policy in Australia has hitherto jealously asserted the right 
of the state, or of municipal bodies delegated by the state, to all the main arteries 
of communication, snch as roads, streets, etc.; * * * and when the value of 
the water courses of the country come to be properly estimated it will be seen that 
the policy which is designed to protect the interests of the community as a whole 
against the exactions of private monopolies should be applied to water conservation 
as it has been to roads, railways, and telegraphs, to which it is quite as applicable, 
if not iudeed more so. · 
In the matter of legislation the New South Wales commission made 
recommendations in the form of a drafted act, which has since become 
law. This act defines ''water rig-hts, national administration. district 
administration, water trusts, drainage works, navigation matters," and 
"offenses and penalties." In the preamble it is declared that the 
measure is designed to "define the public right " ·in rivers and streams 
and their natural courses in still waters, similarly conserved, and to 
create a Sj·stem for th«? "conservation and distribution" of the waters 
flowing or contained, whether above or beneath the surface of the 
ground. Special terms used in the drafted act are defined as fo1lows: 
"Trust" or ''water trust:" Any local council appointed thereby" to 
design, construct, administer, or maintain local works for .water con-
servation and utHization, or for drainage." a Trust district:" Such 
portion of the colony as may be within the jurisdiction of a legally cou-
stituted water trust. "Water rights:" The right, title, and interest to 
a supply of water trom any source, whether above or beneath the sur-
face. '' Rivers" are defined as both "perennial and intermittent,'' hav-
ing a natural course, whether" above or beneath the ground." ''Lake'' 
is defined as any collection of "still water * * * permanent or 
tt~mporary" in character, and found ''above or beneath the surface." 
"VVater course" is defined as any stream smaller than a river. The 
same definition is given as to a surface or other character. "Domestic 
use" provides for all household and personal uses, but not for watering 
stock or washing sheep. 
The definition of" water rights" made '..JY the New South Wales com-
mission is of sufficient importance to warrant quotation: 
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To the crown belong-
( a) The water flowing or contained in every river, stream, creek, or water course, 
whether the same be permanent or intermittent, and whether or not the land through 
which it flows lJelongs or not wholly to thfl crown. 
(b) The water coutaiueu in every lake, swamp, lagoon, or other collection of still 
water, subject to the same conditions as rivers, etc. 
(d) All springs sitnateu within crown lands, and all springs, whether so situated or 
not., which hav(' overflowed iuto or contributed water to any river, stream, or lake 
lJelonging to the government. 
(e) Tlle right to control for the purposes of the act, land covered in any way by 
tl1e water of any river, creek, stream, or lake. 
These are in substance the public rights. They are the same sub-
stantially in terms and effects as those embodied in the laws of Italy, 
Spaiu, France, India, in some of our own arid States, and elsewllere in 
the world, either by statute law or by commuuity regulation and cus-
tom. The ~pan ish" law of waters'' (article 33) declares that- · 
There pertain to t.he pulJlic or public property : 
(a) The waters which spring or intermittently flow within the public lands. 
(b) Those of the riv~:;rs. 
(c) Those " " " of springs and torrents which flow through their natural 
chanuels. 
The ltalian civil code (article 420) declares: 
The rivers and torrents are considered as dependencies of the royal domain. 
The chief canal an1l drainage law enacted for India declares in its 
preamble over tbe area emLniced that-
The Government is entitled to tu'~e and control for public purposes the water of all 
rivers and streams flowing in natural channels, and of all natural collections of still 
waters. 
The water rights belonging to private parties are defined in the 
drafted act to be-
(a) Tlw whole of the rain which falls on such land, except where occupancy rights 
have been acquired. 
(b) So n111cll of any river, etc., adjoining such land as is required b,Y the owner, 
etc., for domestic use and for watering ofst.ock, provided always that no uwner, etc., 
ofsncb land shall have a right to a larger supply of water than at the rate of 2,000 
gallons per day for every mile of river or lake frontage. 
(c) A11y rig-btl-3,wllether permanent or temporary, which have been acquired under 
any other act ' 'r regulation in force prior to the passing of this act. 
(cl) The exclusive right to the use of any spring of water situatr.d on such private 
land, if no other persou11or the GoYernment has acquired by use and occupancy for 
20 ;years the right, thereto. 
(e) All surface waters; the owner of land may also make lawful use of an~' under-
ground supply, but such use must not afl'ect injuriously any adjacent well, boring, or 
supply. 
Tbe~e provisions are framed on the lines of the Spanish law of waters, 
article 30 of which code says: 
There belongs to the owner of an estate the rain water which falls or is collected on 
it while passi11g tlnough it; he may, in conseqnencfl, within his own propert.y, con-
struct cisterns, tanks, po11ds, or res;rvoirs to preserve it, always providing it docs 
not injure the public or third parties. 
Also-
Whoever has a spring on his estate may use it at his pleasure, saving the right 
wllich the owner of lower one may have acquired by title or prescription. 
Tbis, the Spanish law, has been from the date of discovery and occu-
pation -the governiug conditiou of Florida~ the Louisiana purcbal'e, all 
of Texas, California, New Mexico, Arizona, with portions of Nevada, 
Colorado, and Kansas-in fact, nearly all of our arid region and very 
much also of the lower Mi8sissip pi Valley section. 
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The right of use through 20 years' occupancy is, by the New South 
Wales code, limited -to domestic and stock purposes. An appeal is 
alluwed a land owner where occupant right has been acquired to limit 
the use of said right as provided. If any aetual damage has been done 
anyone entitled to a legal use of water'' by the construction of any 
canal, channel, cutting, well, or boring," compensation shall be allowed 
on sufficient proof of such alleged damage being given. 
A board of control, to be known as the "National Administration 
Board," is provided for, withr the management of "all rivers, streams, 
creeks, lakes, springs, and underground supplies of water in the eolony." 
The president and associate officers are permanent, devoting their time 
to its duties; that of the commissioners, however, extending only to 
the meetingR and husiness brought before the board. Au t>ngiueer and 
such staff as is needed is also appointed. The board controls~ under leg-
islation, the boundaries of water· districts, sanctions or otherwise, the 
worl<s locally proposed; examin('S all applications for loans to carry 
forward proposed works; no such construction can be undertaken with-
out the sanction of the board; all tenders therefor to be by public adver-
tisement; all contracts to be approved by the board; vouchers, accounts, 
etc., must be open to the inspectors of the board; its staff may, on sanc-
tioned emergencies, make surveys and carry on needed works. The pow- _ 
ers presented are ample for all purposes of control, adjudication, and 
management. 
Tlle objects aimed at are uniformity and completeness on the part of 
the general or ''national administration," while the o1·ganization of 
national water trusts is expected to provide "for local wants and the 
ecouomical treatment of details and maintenance." The New South 
Wales board is similar in character to thA irrigation or water-supply 
department of Victoria. The town and village communities of civic 
administration stand for the local water trusts. In southern France all 
Irrigation works but the Marseilles Canal, which is constructed also for 
navigation uses, are under control and construction similar to the Aus-
tralian system. In many respects it may be said that the irrigation 
districts, now becoming operative in California, under the Wright irriga-
tion laws, are similar in character. Local conservation of water and 
works is also practiced in India and New Zealand. Indeed, however 
widely applied, it will be found to bJ3 the ruling principle of all ancient 
water codes, and has ~teadily descended through clans, gens, tribes, 
communities, states, and peoples, to all primeval and still existing 
native associations and governments in Asia, Africa, Europe, and 
America; wherever, indeed, irrigation has been and still is extens!vely 
practiced. 
THE LOCAL .A.DMINIS'l'R.A.TION. 
The power.s of the "district administration" in the formation of" lo-
cal water trusts" are quite extensive. TheRe "trusts" are formed ou 
petitions of land owners or lessees, and after investigation by the board 
of'' the feasibility and propriety of the proposed works." The "trust," 
when constituted, consists of members, w~o, if in the western division 
of the colony; shall either be owners of 640 acres or lessees or occupiers 
of not less tllan 10,000 acres of land; if residents of the central divi-
sion, they must own 160 acres or lease or occupy not less than2,500 acres; 
while in tile eastern division each man must own 40 acres or lease or 
occupy not less than 640 acres of land. Tllese divisions, as to grogra 
phy, ownership, or occupancy, reprrsent very fairly different stages of 
social, economic, agricultural, and pastoral development and growth. 
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They practically explain themselves. In constituting a "trust" the ad-
ministration is guided by watershed lines and other hydrographic fea-
tures of the territory to be embraced, so as to include as far as practi-
cable a complete catchment area. 
The details of administration are very fully, even minutely, arranged. 
E''ery local water trust is made a body corporate, with the usual 
powers ns to purchase or sale and control. With the Government 
sanction, its powers of administration may be delegated to agents. 
Actions ant.l appeal may be taken and lie against the trusts to the 
water supply department itself. Compensation claims are provided 
for. All local works must first be sanctioned by the national board. 
In case of flood or other sudden dangers the local trust can take the 
needed responsibility, reporting their action. Transfers of water supply 
can not be permitted without the sanction of the trust. All supplies 
provioed oy such local trust are made subject thereby to the general 
act and Ly-laws provided under it. The right of purchase or the lease 
of a rigllt of way tlJrough any land can be made. Condemnation and 
compensation are also provided, and no vested interest in the water 
supply can ever accrue to the land owner. The water trust also fixes 
the rates for supply. These are ordinarily for domestic and stock use, 
for irrigation, and for power. Stock may be supplied by measure or 
per head. Loans for construction are arranged for after full local ex-
amination, report to national board, anll sanction therefrom. The loan 
may be direct from the Government or by the crEation of a bonded debt, 
the Government guaranteeing the interest. The security shall be the 
rates for supplies that are to be levied, or that of the land and works 
belonging to the trusts. The rates when levied shall be u8ed as follows: 
(a) For payment ofinterest; (b) for m~intenance, repairs, and manage-
ment; (c) to create a sinking fund; (d) for useful extension and develop-
ment of water works. 
Liabilities are not to exceed two-thirds of the enhanced value. as 
officially to be estimated, of the works and lands to be constructed and 
served. Trusts borrowing in excess, or otherwise in contravention of 
law, render their members personally liable for payment of principal 
and interest. 
Drainage works are also similarly provided for, as also when required, 
those for navigation purposes. 
The whole code is thorough. It appears well calculated to accomplish 
its chief purposes. These are to insure: 
First. The public control and ownership of all natural waters above 
or below the earth's surface. 
Second. The national or general supervision of the same by properly 
equipped authority. 
Third. The direct cost, com;truction, management, and maintenance, 
by local authority, consisting of the representatives of those directly 
interested and to be directly benefited by the conservation and storage 
of water, and its artificial distribution and utilization for domestic, 
stock, farm, and manufacturing purposes. 
Stringent provision as to waste or deterioration of supply, or of injury 
to works, etc., are also included. The Government, by the Royal Com-
mission Heport of 1885, was recommended to protect itself for loans by 
taking mortgages on trust works and their revenues; also to require 
the creation of a sinking fund, to require maintenance in good of all 
such works, to correct the rates itself if any default of a trust should 
occur, and to provide also for annual auditing of alJ trust accounts. It 
iis .believed all these provisions have since been adopted. Government 
S. Ex. 53--16 
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farms and forests ar~ also a part of the Rystem in vogue in New South 
Wales. A very complete engineering and hydrographic office is con-
ducted on excellent lines, and the colonial plans for observations of 
climate and meteorology are also linked with the water supply service 
and department. The unique system of pastoral water supply, station, 
and stocks roads are also part of the same administration. Reference 
thereto will be made in this paper. 'rhe reports and maps issued by 
the Australian colonies of New South Wales, Queensland, South Aus-
tralia, and Victoria, especially the first and last, are among the very 
best of technical an<l expert papers relating to water supply, irrigation, 
hydrology, etc., published by any government in the world. They are 
1n many respects equal to the best of station .reports. 
PHYSICAL D.A1'.A. AND HYDROLOGY. 
The eastern watershed of the colony of New South Wales is a narrow 
strip, shut in by sea and low mountain ranges. This plain is traversed 
by many small rivers, with rapid flows and short courses. The west-
ern section is a great basin with moderately high table-lands, traversed 
by a great many rivers having long courses with slow flows therein. 
The fluvial system of the Murray, which is the greatest of these basins, 
carries into the Southern Ocean through South Australia the drainage 
of an immense area, which includes western New South Wales, a large 
part of Qucens.lnnd, and the northern f.ection of Victoria. It bas a 
total course of 1, 719 miles, of which 1.132 miles are in New South Wales. 
The river is navigable for 1,590 miles and its source is 5,000 feet above 
sea level. There are no very high ranges in the Australian continent, 
and the snowfall forms but a moderate proportion of its precipitation. 
Other large drainage basins are found by the Murram bridge ( 1,350 
miles), the Dar-ling (1,000 miles), and other smaller streams, formiug 
altogether a navigable network of about 4,500 miles. The coastal 
rivers or drainage basins have a total area of over 42,000 square miles. 
There are ~0 rivers of a tot::}llength of 2,000 miles. The western basins 
drain at least 100.000 square miles. The river channels have a total 
length of about 4,500 miles, of which nearly 4,000 are navigable. This 
statement does not embrace the mileage of the minor streams. There 
are but a few lakes in the colony, the largest beiug Lake George, which 
has no outlet anfl a surface area of 93 square rdles. 
The mean annual rainfall is given by divisions as follows: 
The coastal region ......................•.•.•...•............••..•......••..•••.. 
The weste1·n basin .....•.•••......••••.•••.•.•.••..••....••.•••..•••••.••..•...•.. 






The mean annual temperature of the several divisions in the same 
order is given as follows: 
~n:a_~I Summer. Winter. 
--~------------------~------------------1----------------
0 I 
Coastal. •••••.•..••.............•..••...•.......••.•.•.• , • • • • • . . . . . . . • . . 64 3 
Western . . . . • . . ••• •• .• . • •• •.•••• .•• • •• • . •• • •• .••••• .••••• .•••••.••..•.. 62 8 
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The underlying foundation over a larger portion of New South Wales 
is of a cretaceous character, and hence of water-bearing quality. The 
· problems of irrigation are therefore to be advanced largely to a pros-
perous solntion by the success achieved in finding and utilizing a large 
subterranean water supply, whether the same be of true artesian char-
acter or from the drift drainage lying near the alluvial surface. Over 
what area systematic irrigation, from a surface supply, may be carried 
on has not yet been a8certained. Coghlan's Wealth and Progress of 
New South Wales, 1888-'89, says: ''It may not be considerable, owing 
to the comparatively small volume of the rivers and the regularity of 
their flow," as well as the want of perpetual snows. How much this 
opinion is influenced by the peculiar plan of land distribution policy in 
vogue and the enormous extent of the cattle and sheep ranches to 
which it gives rise, is not for us to say, but this judgment sounds sus-
piciously like that which in our own land has declared in various official 
and nonofficial ways, during the past decade, that the arable portions 
of our public domain is almost exhausted, and which has therefore de-
liberately sought to relegate an area embracing two-fifths of our na-
tional domain and two-thirds at least of our remaining pualic land areas 
to the sole w~e, (outside mining), of the cattle and sheep rbnches. 
LAND SYSTEM OF NEW SOUTH WALES. 
The character of the colonial land tenure system deserves a brief out-
lining. It originally embraced only grants of crown lands in large bodies. 
It then provides for sales of the same, equally unrestricted as to extent. 
In 1861 the po1icy of '' free selection" by settlers was adopted. Then 
came the sale of such selections. Leases are also in use. In 1884 all 
crown lands remaining unoccupied were thrown open to " free selec-
tion," which may be considered, except as to area, analogous to our pre-
emption system. The total area of t,he colonial* public domain was 195,-
88'2,150 acres. There remains (1885-'86) a balance of but 13,998,201 
acres. Only one half of 1 per cent. of the area is cultivated. The 
average of such farm holdings is stated at 850 acres. The pastoral 
ranges arc, however, eJ?ormous in their extent. They are larg'ely held 
under crown leases or sold conditionally at $1 per acre. Up to 1884-'85 
there had been actually sold some 40,157,562 acres. The area of pas-
toral leases, etc., was 139,500,800 acres. In 18~9 the total number of 
cultivated acres was only 999,298. Wheat generally produced about 
13 bushels per acre; on an average, rainfall in seventeen subdistricts 
was 18~ inches per annum. The total area (1888) in pastoral leases 
was 67,098,880 acres. The number of such leases was 1,613, or an aver-
age of 41,600 acres per lease. There were 407 "conditional" leases 
covering 9, 719,840 acres, or 6, 7 41 each. Of these, given as " home-
stead" leases! there were 392, aYeraging 9,609 acres, or a total of 3, 766,· 
728 acres. These figures illustrate the controlling ideas of the colonial 
land system, and explain, probably, the small interest really, so far, 
taken in irrigation progress. 
THE PASTORAL INTEREST. 
The arid characteristics of the pastoral ranges and the powerful in-
terest they represent in colonial affairs has, however, caused the adop -
tion of an extended system of water conservation, sedulously aided 
and tostered by the Government in later years. The pastoral interest 
in its importance is illustrated by the following figures: 
• New South Wales. 
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Number of sheep and cattle i1~ 1888. 
New South Wales .......................................................... . 
Victoria ........................... - ..... - ................................ -.. 
Qtteensland ............... ; ................................. -- ............. . 
South Australia ............................................................ . 




10, 44!, 005 
7, 150,000 
2, ll2, 392 
1, 622,007 




TotaL................................................................ . 57, 014, 5!1:1 8, 144,730 
In New South Wales there were iu 1888 the following works for ob-
taining and conserving water for pastoral purposes: 
Number. Value.* 
Tanks ............................ . ..... - .......... -- .... ·····.·····•··········· · 
~~ru:.fb~r~3:g~~ii ::::::: ~ :::::: :~ ~:: ~:: ::: ::~:::::: :::::::::::::::::::::::::: · 
24, 741 $23,414, 150 
23, 330 ] 0, 205, 000 
3, 131 3, 220, 000 
Total..... . . .. . .. . .. . . . . . . . .. .. .. .. . . . . . . . . . . . . . . . • .. .. . . . . . . . . .. .. . . . • . . . . 51, 202 3!>, R30, 150 
* Stated at $5 on the pound sterling. 
PUBLIO W A1'ERING PLAOES. 
The public conservation and use of water in connection with pastoral 
purposes has been more extensively carried on in New South Wales 
t,han elsewhere. A branch of the colonial department of mines, known 
as the "public wateriug places," bas general charge. In a report re-
ceiYed through United States Consul Griffen, of Sidney, under date of 
October 17, 1889, it appeard that the object of such water conservation 
is to furnh;h supplies for the "traveling stock routes" used for stock in 
passing to market, and in dry seasons as means of changing pastures. 
Domestic supply is also obtained thereby for the outlying stock stations 
or ranges, wholly dependent on the scant rainfall. The means of stor-
age supply are tanks, wells, dams, and bores, of which there are about 
153 completed and about 40 in process of construction. These are 
public works, and the department of mines decides as to the necessity, 
upon reports from stock inspectors, who are also overseers of public 
watering places. Tlle location of a well or tank l>eing approximately 
determined upon, the work proceeds. A weekly list of all routes with 
well, et al., locations, is published. This list shows road, depth of water 
in well or tank, estimated weekly rainfall, and condition of pasture. It 
is then distributed for the drovers' information. The average cost of 
the tanks, usually excavations partly dug under the surface to prevent 
evaporation, is $946 each; that of the dams, small works as a rule con-
structed at anj point where a supply promises to make a convenient 
watering place, is $435 each. The average cost per well is $996.24. 
The average capacity of these cattle tanks is from 21000 to 3,500 gal-
lons each; with embankments they will hold 3,500,000 gallons as a rule. 
The total storagA is equal to 600,000,000 gallons. The wellts will range 
from 70 to 400 feet in depth. There are 51 steam pumps, 48 with horse-
power and 1 with a caloric-engine, in use in distributing the water , 
thereof. 
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Up to 1888 there were in New South 'Vales 248 mrtesian well borings. 
Of these 134 flowed fresh water, 77 had saline flow, 11 were brackish, 2 
were mineral, in 19 cases coal was struck, and of 7 no record is given. 
A later returu (1889) gives for this colony, in public works, 110 tanks, 
27 artesian wells, 9 dams, and 1 other works ; 153 in all. In process 
of construct.ion were 52 bored wells, 21 tanks, 3 dams, and 1 weir; 77 
under way, or 230 works in all. The expen<Iitures made by the colonial 
government direct for pastoral waters up to 1888 have amounted to 
about 17,500,000. This includes the laying out and maintenance of 
2,000 miles of catt1e roads or routes. As to the results arising from 
and value of such outlays, the report made in 1885 by the Royal com-
mission for the conservancy of water (New South "\Vales) says: 
During the last 15 years great waterless districts to the west and north of Dar-
ling have been reclaimed from their normal condition, in which neither man nor 
beast could live except immediately after rain, and have been made to contribute to 
the pastoral production of the colony. 
The principal means by which this important extension of the habitable bound-
aries of New South Wales has been accomplished, has been by the excavation of tanl{S 
and the construction o~ dams, wherever the configuration of the colony admitted 
these means of storage. 
A public watering place in New South Wales consists of 2 areas-
each of 640 acres; one is leased to a tenant who keeps the other in 
order-that is~ the watering, camping and feeding place. No charge 
for grazing on the governmeu t section is made ; for watering per 
capita rates are collected. If there be no tenant, a caretaker is placed 
in charge. The lease is usually for 5 years and the rents received 
from the watering places range from $30 to $730. A minute and well-
arranged code bas been adopted. 
The earlier attempts to find water by boring for pastoral purposes 
were largely failures. Recently, considerable success has attended the 
experiments. To the northwest of the Darling River a great extent of 
artesian water-bearing stratum has been discovered. On several 
"runs"-tbat is the cattle ranges-such flows have been struck at from 
600 to 1,200 feet deep. The flow ranges from 200,000 to 600,000 gal-
lons per diem. The department of mines has now under way 39 ex-
perimental borings, whose minimum depth will be carried 2,000 feet 
in each case, if necessary. 
The nature and quantity of the supply may be estimated by a sumw 
ming up from one inspectorial report, covering certain routes with the 
number of works, etc., on each as follows: thirty-four works of various 
kinds; covering 734: miles; comprising 355,000 cubic yards of tanks, 
etc.; furnishing 59,642,000 gallons of water. . 
The number of head of live stock served by these routes during the 
season was-sheep, 1,410,000 ; cattle, 72,000; a total of 1,482,000 head. 
COST OF IRRIGATION WORKS~ 
The full cost of Australian colonial works (1888) for water supply and 
sewerage is as follows : 
New South Wales·---························-····-·····--····--····· $19,198,485 
Victoria ...........•.....••...••••.••......•.... _ ..... __ .. . . . . . . . . . . . . 26, 725, 750 
Queensland ..••.......••••...............••••.... _ .............. __ ... _ . . 2, 705, 110 
Total.. • • . • • • • • . • . • • . . • . • . • • . • • • • • • • • • • • • • • • • • • . • . • . . • . . • • • . . . . . 48, 629, 345 
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New South 'Vales ..... ····.··· ............................................... . 
Victoria ..................................................................... . 
~;:s6t~~:t~~t;~li;;:::: :::::::::::::::::::::::::: :::::::~::: :::::::::::::::::: 
Southern Australia ............................................ · .............. . 






2,917, 224 ·····•·••• 
The colony of Queensland has but just commenced the work of water 
conservancy, and the lines of its policy sllape themselves for both pas-
toral and agricultural supply. In New South Wales the public exer-
tions an<l aid llave been in the direction of town and pastoral supplies. 
In Victoria, besides large town works, the trend is directly in aid of 
agricultural irrigation. In Queensland (1888) there were 6 public arte-
sian wells completed, 1 having a depth of 180 feet, while the other 5 
were drilled from 691 to 1,663 feet before a flow was obtained. The 
Banaldine well (691 feet deep) has ·a 10-inch casing, with pressure suffi-
cient to force the water 30 feet above ground. It flows 240,000 gallons 
Jler 24: hours, and cost $3,875. There were, in the year given, 26 more 
well-bores in process, white 2 had been abandoned. Of private borings, 
there were 17 in progress, 1 of which was 2,485 and another 1,875 feet 
deep. 
Name of bore. 
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surface. 
Pounds. 




















12 l 33 
60 A.dd 5 pounds to each •7 1 of these pressures. Tambo ............................... . 
Cunnamulla . . ....................... . 






5 Railway department. 
Manfred....... . . . .. . . • . • • . . .. . • • . • .. • . 678 50, 000 106 . • • . . • . . . . ) 
Saltern .... _........................... 1, 130 175,000 .................. I 
CorPe:a:i:::::::::::::::::::::::::::::: .:~·-~~~- .... :~~~-~~~- :::::::::::::::::: All · f! t' b 
Weelamurra .......................... 1,589 150,000 113i 150 J ta'~dofma wn. Ot· 
Thurulgoonia . .. .. .. .. .. .. . .. . . . .. .. . . 1, 080 3, 000 . .. .. . . . .. . .. .. . . . somrce rom prn:a 6 
Do............................... . 1,243 1,000 ........ .......... u 8 • 
Do . .. . .. . . . . . . . . . . . . . . . • .. . . • .. . . • 1, 216 1, 000 . . .. . . . . . ........ . 
Do................................ 718 1, 200 ................. . 
Do . ... • .. . . .. .. . .. . .. • • • • .. . .. .. . . 831 8, 000 ................. . 
*Approximate. t Bores not overflowing. 
In a table furnished by the New South Wales Report of 1885, the 
area of the seventeen organized trusts is given with the population 
thereof. It was as follows: 
Total land areas (acres) .••••••••••• · ................................ _. ••• 13,346,000 
Total population .•••.•••••..••••.••••..........• ~ •.•••..••••.••••• , • . . . 56, 167 
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The charaeter of tlw \Yorhs coustructed are distributing ditches or 
" channt Is," weirs for storage and '~oft'- take" purposes, tanks-iron and 
earth, reservoirs, dams, reticulation pipes, steam pumps, and other 
macl.Jinery. 
There is a large number of artesian wells, positive and negative, 
dri1led and bored, 30 of which in 1888 were used for irrigation purposes, 
and 111 more were in process of sinking, for the same purposA, There 
were 20 deep flowing wells used for town supply, and 10 more in process 
of drilling. In all of bored wells in which the water rises there are 
about 1,000 in the colony of Victoria. These wells range from 74 to 
1,600 feet deep. In all, the colonial Governments had made, up to 1887, 
about 350 bores in search of artesian water, of which 19!J were reported 
in succe8sful operation. There were besides nearly 300 more such wells 
bored and operated hy private persons Ol' corporations. The several 
colonies' reports and dates give the number of drilled and bored wells 
as follows: 
Date of Average ~g1~:~ report. depth. made. 






Victoria ........................ .••.••.......... 
South Australia ............................... . 
New South Wales ............................. . 























The average rainfall in Victoria for 20 years has not exceeded 25-k 
inches, * hut it ranges according to districts from less than 10 . to 50 
inches per annum. Attention was first turned to irrigation by causes 
exactly similar to those wllich influenced the people of our subhumid 
region, viz, openiog of public lauds, rapid expansion of settlements, 
years of good rainfall and large harvests, fJllowed by drought, loss of 
crops and great suffering. The storage of water for pastoral purposes, 
which had already been largly achieved, pointed to the same means on 
a large scale as the only security for agriculture. As a result of the 
subsequent agitation came the formation of a commission and the inves-
tigation made of irrigation in Italy, Egypt,, India, and the United States, 
with consequent passage of laws on the subject by the Uolonial Parlia-
ment. The Victorian trust system is very similar to that of New South 
Wales, already outline(l. 
The total area of the colony is 87,884 square miles. All of this, with 
tbe exception (18~6) of 4,673 square miles, is divided into municipa! 
bodie~, such as counties, villages, towns, and cities, making a complete 
system of local self-government. In the other colony administration 
is more centralized. Victoria bas local home rule, as well as other 
American characteristics, to a large degree. ·rhe aid granted for 
municipal purposes l>y the colonial government is granted through 
these bodir~. Up to 1883 the local aid amounted to $1,550,000. The 
water-trnst system then came into existe11ce, and the laws thereon aim 
to cooperate with the local bodies in cost and responsibility. After plans 
and reports are made and approved the governor in council can approve 
*Report of Secretary Charles Robinson, New South Wales, Royal Commission on 
''The Conservation of Water," 1885. 
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of a law, with a rate of one-half per centum as int~rest. The area of the 
trust is proclaimed and the character of principal works is announced. 
Commissioners, auditor, and other officers are appointed. The general 
}lowers of a Victorian water trust are thus defined: 
It may enter upon described lands, set out such parts as are necessary, make 
trenches, dig up the soil, etc. 
It may enter on, appropriate, and condemn all land necessary for construction and 
improvement workl'l. 
It may lease or purchase existing works, erect or construct others, bore wells, sink 
shafts, maintain or discontinue reservoirs, and do all necessary work. 
It may divert waters from one place to another; it may also alter the direction of 
water-courses if necessary, construct weirs or dams in any river, cut, drain into, en-
large, widen, or deepen auy lake, lagoon, swamp, river, or stream; and it may enter 
streets or roads at auy time for repairs of water-courses or works. 
In 1888, there were 50 water trusts in Victoria, 30 urban water dis-
tricts, and 11 others proposed and forming. Of the town trusts, 20 were 
of a local ebaracter; 10 others were constructed by the colonial govern-
ment. There were 6 other works formed of swamp districts. These 
covered in all about one-fifth of the area of Victoria, or some 17,000square 
miles. Up to the close of 1885 the accounts of the colonial department 
of water supply stood as follows: 
Amount of authorized loans .........•....••............••...••••.••••.. 
Amonnt paid to corporations ......................................... .. 
Cost of maintenance ..............•.•.. _ ....• _ .....................•... 
Interest due ..................... , ....................... _ .......... . 
Revenue received to date ............................. : ............... . 







The spirit in which irrigation is dealt with among our Australian 
cousins can be estimated by the following excerpts on a report on 
" tanks," made by an official of the New South Wales commission for 
water conservation. Mr. Frederick B. Gipps, civil engineer, sums up his 
recommendations for legislation as follows: 
That experimental or agricult.nral farms should be established in each river basin 
for testing'all kinds of crops under irrigation and for forest nurseries; that the dam-
ming back of any of the main rivers below their continuous rocky banks and beds 
l~y fixed weirs wouhl be highly injudicious; that owing to t'!:le excessive evaporation 
ou shallow pools, tanks should be excavated fully 20 feet deep; that the prosecution 
of well boring shonld he conducted on systematic principles in order to fully develop 
its applicat.ion for water supply and irrigation; that by excavation and low embank-
ments a large number of lakes might he converted from shallow evaporating pans 
into magniticeot impounding reservoirs; that after the survey and investigation of 
all the features of the different river hasins by civil engineers, the control of all future 
works on them should be banded over to river trusts, who should have powers to 
raise loans, etc., for carrying out any engineering works for water supply or conser-
vation, after their approval by a central board of engineers; that all vested water 
rights are highly antagouisUc to the public interests, with exception of tanks and 
wells, and should therefore be disallowed for the future, while all present rights 
should be gradnally resumed as required by the public under equitable conditions. 
the hydrographi~almaps show the area of each river basin in acres and the average 
rainfall over each area. Supposing only one-twentieth of the rainfall could be con-
Rerved, it would he sufficient to irrigate, in an aggregate -of the river basins, no less 
than ~Ot million acres. The Murray Basin, of ahout 39,351,000 acres, would supply 
by one-twentit3th of its rainfall 5,:)28 cuhic feet per second. The Murray Bridge 
,Basin, with au area of 15,430,7~0 acres, would supply by one-twentieth of its rainfall 
1,6:l4 cubic feet per second, and the Darling Basin, with an area of 191,343, OUO af'res 
would supply 1L,4.,2 cubic feet per t,lecond, capable of irrigating, at 1,000 acres per 
cubic feet per second, no less than 11,482,000 acres. 
It is utterly impossible to estimate the value of irrigation in the interior for pro-
motin~ settlement and increasing population, though it may be partially realized by 
those who travel in India, Eril'ope, and America. In every instance the infiuence of 
irrigation bas tended direct.l; to e&tablish small farms. 
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In reviewing A nstralian discnssiou au<l legislatiou, one of the most 
important propositions that has been made 8eems appropriate to some 
of our own conditions. The colonies of Victoria and New South \Vales 
are in large part divided by the great water course of that region known 
as the Murray Hiver. The c4anuel of that river is for a greater part 
of its extent within the borders of New South Wales, but the draiuage 
basin embraces also a great area in Victoria. For the conservation, 
administration, and subsequent distribution of the waters of this great 
baRin, the following propositions were, after a joint conference, sub-
mitted by the commissions of both colonies: 
The resolutions of the conference appear to ns to he sufficiently perspicuous not to 
require further explanation, and we therefore I'Ubmit t.hem with our recommendation 
that they may fmm the basis of a treaty between New South Wales and Victoria. 
'rhey are as follows: 
1. That a Joint trust shall be conl'<tituted, eq nally representative of the colonies of 
New South Wales and Victoria, in which shall be vested the control of the whole of 
the Mnrra.y River and its tributaries from itR sonrce to How long, to be known as 
the Uvper Murray; and of the whole of the Murray RiYer from How long to the east-
ern boundary of the colony of South Australia, to be known as the Lower Murray; 
and such trust shall have power to regulate all diversions of water from the river aud 
tributaries within itsjurisdiction. 
2. That the waters of the tributaries of the Lower Murray, except such proportions. 
thereof as shall, under the direction of the trust, be required as compensation water 
for the main river, may be diverted and used by the reApective colonies through 
which they flow. 
3. The,\ hole of the wa,ters of the Upper Murray and its tributaries and the whole of 
the waters of the Lower Murray sl1all be deemed to be the common property of the 
colonies of New South Wales and Victo1·ia. And subject to the reservation of such 
compensation water as the trust may from time to time determine, each of the said 
colonies shaH have the right to take and divert one-half of such water at such point 
as may, with the sanction of the trust, be fixed on as most suitable for the require-
mf'Dts of such colony: P1·ovided always, That the totals of the quantities so divided 
by the two colonies, when the surplus (after providing compensation water as above) 
is utilized~ shall be equal. 
4. That all natural diversions of water from the Murray shall be gauged under the 
direction of the trust, and the portion of such diversions not returned to the channel 
of the main river shall be debited to the colony into which such water is diverted, in 
the same manner as if such diversion had been mfLde under the laRt preceding 
action. 
5. That the trust may fix and determine levels to be known as the high-flood levels 
of the Murray, and may make such regulations for the disposal of water flowing above 
such levels as to it shall seem expedient. 
6. That works for the storage and regulations of tho waters of the Marray may, 
under the snpervision of the trust, be continued at the joint cost of the colonies of 
New South Wales and Victoria, such cost to be borne by each colony in proportion to 
the benefits derived by it from such works. 
7. That, so far as possible, the liWO colonies shall take united :tction in respect of 
all works intended to provide for the utilization of the Murray waters. 
8. That the trust shall consist of not more than six members, tllree of whom may 
be appointed by the Government of New Soulih Wales and three by the Govern-
ment of Victoria, such members to bold office for terms of not more than five years. 
The expenses of the trust and its officers to be defrayed by the two colonies in equal 
proportions. 
9. 'l'hat a bill embodying the above resolutions shall be prepared, under the super-
vision of the water supply com!llissions, for submission to the parliaments of New 
South Wales and Victoria. The Government of each colony, having approved of the 
measure, shall be requested to secure for it the earliest possible consideration by its 
lPgislature. 
10. That the Government ofth13 respective colonies of New South Wales and Victoria 
shall be requesterl to hold themselves bound, ad intm·i1n, by the provision!,! of the above 
resolutions, until they !:!hall be dealt with by the legislatures of both colonies. 
There is in this paper something worthy of consideration by such of 
our own States as are already at the thresblOld of a great discussion and 
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conflict in relation to the proper conser'\'·ation and distribution of wbat 
may be termed interstate waters. Within Montana, for example, are 
located the headwaters of one of our greatest river systems, that of the 
Missouri. On their western flank also, its mountains embrace the 
sources of considerable confiuents and tributaries of the Columbia River. 
California holds within its Sierras the larger portion of the drainage. 
supplies which by physical configuration belong to the moulltain and 
hydrologic basin of Nevada, and without the use of which waters that 
State may finally perish. Colorado holds within her borders river 
sources whose channels also feed and drain large portions of Kansas 
and Nrbraska, of New Mexico, and western Texas. Wyoming, with 
Colorado, em braces also the sources of the Great Rio Colorado, forming 
a service of drainage areas whose waters are yet to quicken and give 
life to vast sections of fertile lands now arid and waste. Perhaps the 
example of the Australians may point the way to an equitable solution 
of the problems involved in this important subject of interstate waters 
NOTES OF AN IRRIGATION CONFERENCE HELD AT MELBOURNE, 
VIC1'0RIA. 
OBJECTS. 
The first irrigation conference of the Victorian water supply de-
partment assembled on the call of the Ron. A. Deakin, then minister 
of water supply at Melbourne, on the 25th, 26th, and 28th of March, 
1890. 
The experience of any class of irrigators must of necessity interest 
the great mass, and therefore the following is given as the results of 
those deliberations. -The object was to ascertain the most approved 
local opinion as to-
(a) Methods of laying out land for irrigation for annual crops, such 
as grain; for permanent crops, such as fruit trees; and for meadows 
and pastures. 
(b) Methods of applying water to different soils and crops, frequency 
of watering, drainage, etc. 
(c) Various products and their trea.tment under irrigation. 
(d) Management of trusts (water or irrigation district), and the col-
lection of water rates. 
METHODS IN USE. 
The general plan of the preparation of farm land for irrigation in 
Victoria is that it should be divided into dra,ins, roads, and channels; 
the smaller the divisions the better. The most desirable waterfall is 
about 2 feet per mile towards a main drain, except when the sub-
soil is porous, and then drainage is not so important; but the fre-
quency of water application is-the main object of drainage 
being to keep the subsoil moist but not water-soaked. An all-
important necessity is, therefore, the loosening of the sub-st,ratum to 
the depth of 15 or 18 inches. This preparation of the subsoil, with a 
fall as above stated, will need drains of only sma.U section, as the sur-
plus of water when properly applied will be small, and the absorption 
.to the moisture point will take up nearly all the water run upon the 
land. 
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Roads.-The distance these should be apart will depend on the size 
of the blocks into which the country is subdivided, as every block 
should have a road frontage. In valuable lands adjacent to towns, 
roads 15 chains apart, with a supply channel mid way between, is a good 
formation. They should be 1 chain wide, with a center raised 9 to 12 
inches, sloping to water tables 15 feet on either side. 
Channels.-These and their branches should be constructed as sub-
sidiary storages, as it is desirable to have a small supply always on 
hand, and the main channel should bisect the irrigated area. 
For irrigation the soil should be thoroughly broken and leveled. 
With the proper slope this may usually be accomplished by use of the 
plow, roller, and scarifier. If land can not be graded to an even sur-
face, it is better to run the plow furrows crosswise to the water flow 
to prevent drainage of the upper and flooding of the lower portions, 
otherwise the furrows should run with the water. 
Supply channels should be banked about 18 inches above g-round, 2 
feet below surface, and about 4 to 6 feet wide. The distributing chan-
nels are mere plow furrows drawn along each row in an orchard or 
vineyard and plat of ground in cereal cultivation to water them. To 
obviate the necessity of breaking the supply-channel bank temporary 
head channels are recommended parallel to the supply. These tempo-
rary supply channels should be weJl filled before opening, and then a 
man with a long-lJandled shovel can regulate the flow by the mere plac-
ing of a clod in any distributary when the head is too great. 
The. grade must in all cases regulate the methods of irrigation. Mr. 
F. W. Shaw stated his method as that of running ali-inch pipe from a 
bank level with the tops of the trees down the center between an orch-
ard and a vineyard of 6 acres eaeh, a distance of 14 chains, with 12--
inch taps at suitable distances. The trees are watered by a 3 inch can-
vas bose, longer than the distance between the trees, giving about 100 
gallons of water for trees and 10 gallons for grapes twice during the 
year, except late peache~, which require an extra watering. He also 
floods the orchard and vineyard during winter from the creek. 
Another gentleman, Mr. Vince, applied his water in indivi<lnal tree 
storage, as it might be termed, by raising the ground in a circle about 
each tree and applying the water with a hose. After watering a little 
soil is sprinkled on the moist surface. This method leaves large basins 
between the trees capable of holding a hogshead or two of water, which 
is locked in by a small cutting on the lower side. 
'l'he advocates of all these systems, however, unite in the absolute 
necessity of thorough cultivation. The upper crust must always be in 
a pulverized state. It being the general opinion that cultivation is pos-
sible without irrigation, but that irrigation must always fail in its 
absence. 
The season, climate, and state of the plants should always regulate 
the time and amount of water. One to 1-2- cubic inches, or 20,000 or 
30,000 gallons per acre, will in general be sufficient. But it will be 
found that an irrigated orchard or other crop will require less and less 
water each year, and the beneficial effect of a shower is greatly aug-
mented on such than on non-irrigated. 
The various products and their treatment is always a question for 
local decision. Orchard and vineyard irrigation, when each plant must 
he treated in some sense separately, difl'ers from the cultivation of grain 
and forage only in this individuality. proper distribution, by supply 
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channels and distributaries, is applicaule to both. Mr. A, Lane, of 
Benjeroop, recommends grain land to be laid out iuto blo•rks of 25~ 
chains by 120 chains, and divided into paddocks of from 15 to 50 acres 
in extent and the v~n·ious paddoeks divided into sections of from 4 to 
10 acres by check banks, the water in all cases being permitted to flow 
on the hig·her sections and drain onto the lower levels, so as to insure 
equality in watering. 
With local variations this is the general plan throughout Victoria. 
ME1'HODS OF WATER SUPPLY. 
These are as various as the location. In some few instances the simple 
dam or weir, emptying immediately into the supply channel; others, 
tanks filled by means of chain buckets, centrifugal pumps worked by 
windmills, horse power, or steam. The wmdmill is always recommended 
as of less ultimate cost than any of the others. Animal power for small 
irrigations is desirable; wind power for large storag·e, at elevations 
tmfiicient. for resultiug gravitation, is very profitable, and the same may 
be said of all water wheels and power. An undershot wheel or turbine 
with 3 to 4 foot c:am is the ideal method for local irrigation. By its use 
plentiful power is developed and the first cost, which is the principal 
iten1 of expense, is about the same as any other practical mode. With 
regard to steam power, the most authoritative paper before the conference 
ou the subject, that of Mr. J. Tipping, civil engineer, recommends the 
"Galloway" type of boiler, as against the tubular generators, for the 
reasou tlla.t the mud accumulations, necessarily consequenL to the use 
of riYer water, has a bad tendency with the latter. The daily expense, 
however, must always be seriously considered. 
At the date of the conference irrigation in Victoria was yet in its in-
faucy, being only of 5 years' growth, yet so enthusiastic had been the 
progress t.hat there were then projected twenty-five irrigation trusts 
or subsidized water-supply companies, but of which number five only 
lw.d water to sell, four of them being among the smallest in the colony. 
'fllere were also five million dollars' worth of national works then under 
\vay. The only practieal irrigation was the result of private enterprise 
and could not be ranked as regional. The whole amount expended was 
about $1,415,000. The ultimate sum then proposed to be spent out of 
the colonial treasury on national aud trust works was $10,000,000. 
Such irrigation, therefore, as had been made workable was the result 
of individual enterprise, and presents a wide divergence in its methods, 
works, and power used. Tlle tendency here, as elsewhere, has been to 
break up the large holdings of 1,000 acres and run into small farms 
owned and worked by the farmer and his family. It is a lesson to the 
new States of our own arid region that already the demand for labor in 
Victoria is much greater tllau the supply. 'rhe Colonial Government 
looks to irrigation to populate its fields, to cultivate the waste places, 
an(l build up cities and towns with the resultant manufactures. In a 
word, tlley hope to creatt> a home market for home products. Irrigation 
is too young in Victoria to present any reliable statistics as to the cost 
. of water, but no man who has once adopted a system of irrigation in that 
country has expressed a doubt ot its profit or contemplates any aban-
donment of his works unless for more perfect methods. 
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Bon. Alfred Deakin, minister of water supply,• in opening ~he con-
ference gave the number of irrigation trusts as twenty-five. Five of 
these only bad water to sell last season. No trust was able to sell water 
before them, because none of them bad works in such order as to warrant 
their ability to deliver the same. Of the 5 that bad water in uncertain 
quantity, 4 were the smallest in the colony. The only irrigation carried 
on in the colony was by private persons and in a small way. The trusts 
bad received advances amounting to £283,000. This is all they have 
received from the public treasury. For national irrigation works, to 
some extent, it bas been £186,000. Messrs. Oba:f:l:'ey Bros. have spent as 
much on two small colonies on the Murray River. They received a land 
grant of 500,000 acres. 
The season of irrigation for 1891 will probably see a great improve-
ment. Several trusts will be able to deliver water. In 1892 about one-
half of the 25 will do so. The total advances that will be made if they 
carry out their improvement will be only £1,158,000. The security will 
be 1,440,000 acres of land, worth without irrigation £4,000,000, with 
irrigation double that sum. The national works will cost about £1,000,-
000. TLe total expenditure, therefore, will be about £2,000,000sterling. 
The colony has a revenue of £8,000,000. It ba8 expe,ndeu £30,000,000 
on railways. The expenditure of £5,000,000 wiil reclaim land worth 
£11,000,000, covering about 3,00Q,OOO acres. 
Speaking of American irrigation, Mr. Deakin said : 
In all the States in the Union which I had the opportunity of visiting 5 years ago, 
irrigation bas not since receded by 1 acre. * * * In some States it is double 
what it was 5 years ago. * " * Our cousins make a profit where we with ap-
parently the same energy and manhootl can only make a loss. Surely such an appre-
hension is without the shadow of justification. * * '" It is the men of no expe-
rience who mise doubt. The practical men of Victoria, like the practical men in 
America, have only given one verdict. I kuov{ of no ::nan in Australia who has com-
menced irrigating and afterwards abandoned it. I know no man * * * who has 
not increased his area as fas_t as opportunity permitted. 
In reference to the service and value of water in agriculture, Mr. 
Deakin made these sagacious suggestions : 
Water is a splendid servant, but is just as bad a master as fire if the farmer per-
mits it to over:t:l.ow his fields. He has not only to put water on his fields, but to put it 
on them in the right way, at the right time, and in th~ right quantity, and to remove 
the surplus without injury to himself or others. * * ,.. What irrigation wants is 
110t the mere water which it enab1es you to use, but the intelligeuce that will 
t-nable you to produce its best results. * * 'If In irrigation the farmer becomes in 
H sense his own providence, for he decides when it shall rain and when it shall not, 
and what amount of rain shall fall upou each of his crops. Each of these operations 
requires to be controlled by skill and trained intelligence. 
THE PREPARATION AND PLANTING OF IRRIGABLE ORCHARDS AND 
VINEYARDS. 
Mr. J. W. West, of Moorapoona, in relating his experiences with or-
chard and vineyard irrigation, holds one of theebief purposes of irri-
gation to be in that direction. The first operation after breaking up 
the soil is to obtain a uniform level surfac~ to evenly and economically 
distribute the water. His own orchard of :!0 acres, all irrigated, was 
(except a couple of small hollows filled with a scoop) all prepared with 
*A change in the ministry has since occurred, and Mr. Deakin is now retired. 
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plow, roller, and scarifier, care being taken to plow in the direction the 
water was to run. Land with even a couple of inches fall to chain gives 
trouble. If land can not ue graded to an even surface, it is better to 
run the furrows crosswise to the water flow, to prevent. drainage on the 
upper aud flooding of the lower portions. 
Supply channels.-Such channels should be at least 4 to 6 feet wide, 
2 feet l.Jelow surface level, and bauked about 18 inches above ground. 
They should be strong an(l not too wide apart. Five chains is as far as 
water should. be di6tributed by furrows. A V-8craper or delver plow 
is the greatest labor-saver in constructing supply channels. It oper-
ates as follows: A sod is turned with a single furrow plow, and the 
V-scraper then uot only removes the sod but places it properly to form 
the bank. This operation is repeated until the channel is complete. 
Distr·ibuting channels.-These are plow furrows drawn along each 
row of trees or vines to water them. For young trees there should be 
one on each side, 2 feet 6 inches away, and the distance gradually in-
creased until full growth, when one good furrow midway between the 
rows is aU that is required; and they should be gone through twice, 
throwing the sod on each side, preveutiug the spread and waste of the 
water. To obviate the necessity of breaking the banks of the perma-
nent channels, a temporary head channel is made parallel thereto; 
from this the water is let out into as many distributaries as we can 
conveniently manage. In light soils a horse hoe fitted temporarily 
with a pair of moldboards is a good implement for drawing distrib-
uting channels. 
Watering.-To do this with a properly leveled orchard or vineyard 
is not a difficult process hy means of stop bars at convenient places, 
made by driving thr2e posts about 2 feet 6 inches apart in each bank, 
the post on either side highest upstream being set a foot farther back 
to form a wing; slabs are nailed to these and a floor put down. \Vhen 
the shutter is put down and a few shovels of soil thrown in front of it, 
very little water escapes. The sides, wings, and bottom require to be 
well puddled. Sacks filled with straw are just as .eftective and more 
convenient than sand bags to construct temporary dams. 
The supply channels should be well filled before opening, and one 
man with a long-handled slwvel may control a dozen distributaries by 
placing a clod here and there to obstruct the too-full flow in any 
one furrow, and. the flow from the supply channel may be similarly 
checked. Both men and boys find the work light and pleasant and by 
this method have a perfect control over all the water. 
The season, the state of the plants, and the climate should regulate 
the time and amount of water. For trees about 1 to 12- cubic inches, 
or 20,000 to 30,000 gallons per acre per annum, is good watering; for 
young trees and vines less "'ill do. Viues must be protected against 
fungoid diseases bred from overwatering: An irrigated orchard re-
quires less water each year, and an ordinary shower is more effective 
on such than on unirrigated. 
Dra.inage.-It is sufficient to drain the surplus water from the surface, 
and channels 18 inches to 2 feet below surface level will answer admira-
bly. During excessively wet periods open plow furrows draining into 
supply channel~ will be ample protection. 
Cultivation.-This must go hand in hand continuously with irrigation 
to secure practical benefit. The soil should be frequently stirred, as 
this is a first essential to healthy plant life during the summer season. 
This is required with ordinary cultivation, but undP-r irrigation is abso-
lutely necessary, unless failure. be openly cQnrted. _ After wateriiJ.g, 
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the horse hoe or scarifier should be run through, and the furrows and 
temporary head channel obliterated, which all have to be drawn again 
when required. To allow the furrows and soil to bake hard would 
nulli(y the effect of watering. 
Mr. West further stated that he :finds reasonably close planting, say 
18 feet apart for orchard trees, beneficial, as the orchard sooner be· 
comes self-protecting. His superfluous water is drained back to trust 
or company channel; but he notes "that -when you get down 2 feet or 
2 feet 6 inches the water does not lie then at all-Jt drains away.'' 
In plowing for a 2-foot channel, Mr. West recommends that the 
first sou be all plowed one way, and the next the other, and then by 
the use of moldboards on the scraper the earth can all be removed 
without the use of a shovel. 
LAYING OUT LAND FOR IRRIGATION. 
J.D. Derry, M. I. C. E., said that the lands should be divided by 
drains, roads, and chann(lls, and the smaller the8e divisions are the bet-
ter. The engineer has to deal with the primary subdivision. 
The land should have a slope of 2 feet per mile towards the main 
drain, except wllen subsoil is porous, and then drainage is not important, 
but water has to be applied more frequently. A clay subsoil prevents 
loss in the channels, especially when these are constructed to act as 
local storages. Subsoil must be kept moist, and not water-logged, and 
tberefore such ~ subsoil must be intersected by drains at least 2 feet 
deep to cany oft' surplus water. "Subsoiling," or loosening of under-
lying clay, should be from 15 to 18 inches deep-an all-important ne-
cessity. 
The slope and condition of the soil should always be studied before 
laying out for irrigation, as air and warmth are a necessity for the plant 
roots; as tbe water-rain or irrigated-drains away or e\7 aporates, 
air takes its place, and with this in view about 7 chains' length of land 
is about proper for draining when the slope is 2 feet per miie. 
Drains neeu not be of large section, as with skillful irrigation there 
should be no surplus water. Rainfall drains need only be capable of 
carrying off the precipitation in 24 hours, as such submersion is not in-
jurious. · 
The distance that roads should be apart will depend on the size O\ 
the blocks, because each block must have a road frontage; and the 
roads in valuable lands, near towns, should be 15 chains apart with a 
supply channel midway between them. Roads should be 1 chain wide, 
the center raised 9 to 12 inches, sloping to water tables 15 feet on either 
side. The tributary drains should be constructed 1 foot from the road 
boundaries, and the water tables be connected with them every 25 feet 
by cross drains, thus forming plots 25 by 12 feet. The whoie plot 
should be plowed and a tree planted in the middle of each plot, and 
the water tables should be used to irrigate these tree~~. The main 
channel and branches should be constructed to act as storages, and the 
main should, if possible, divide the area irrigated, as it is very desira-
ble to have a small supply constantly on hand. 
THE DEVELOPMENT OF SPRINGS. 
Mr. G. Hunt, of Oastle Oreek, said as long as he could" get water 
and sun'~ he could ''grow anything with irrigation."· His laud is hilly 
and he opens springs where ever they can be found, putting timber iu 
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the bottoms and then filling over. In 5 years he has developed in one 
part of his land 4 continuous streams. He cnt-s raues on the highest 
levels and bas now four of them, one above the other, three running oue 
waj' and one to pick up the overflow from them. Every man could 
open similar springs and races; then be would ba ve all tJte water be 
could get free of charge. 
IRRIGA'l'ION FROM WELLS. 
Mr. James M ussen, secretary of Lowanshire Water Works Trnst, 
while speaking of irrigation from single wells, said that in his com-
pany's district, au area of 2,000 square miles, there is no natural watPr 
supply from creeks. Before the trust was formed, the only use was 
that made by the pastoral tenants of the crown. In 1883 tbe trust was 
constituted and most of the then wel1s and dams were taken hy the 
trust, who have opened numerous n~w wells, _and are still striviug to 
meet tlie demand for water. An 11nlimited snpply of water lias so far 
been developed at from 100 to 200 feet throughout the district. This 
water is raised by wind pumps to tanks of 6,500 gallons capacity, and 
also pumped from earth tanks into troughing . . After discussing various 
propositions for restoring water to the surface, Mr. l\Iussen give:::: the 
opinion that 4 acres is sufficient for one holder to irrigate at starting, 
and that sandy loam with a subsoil about 12 to 14 inches below surface 
is'best for fruit and forage crops. The land should. have a gentle slope 
from the well. Plowing to break the "pan" or subsoil is recom-
mended, and land should be well saturated when first prepared. Forage 
crops require most water, and such crops should be attended to for tlle 
sake of the general return from the plaee. Lucerne has been known 
to fade away as irrigation ceased. Constant moisture by a system of 
channeling and not flooding is the desideratum. Opinions have been 
expressed against well water for irrigation, but his experience is favor-
able to such supply. 
The cost of a well 150 feet deep, with windmill, tank of 1,000 cubic 
yards capacity, split timber, pump, and piping with valves and outlets 
com•plete, is stated at £230, or about $1,000. Horse power is cheaper 
at first, but the windmill is finally the most economical. With the 
tank once filled, and the mill at work, a constant supply can be de· 
pended upon. 
''Single well" irrigation may appear unique to many, but if persevered 
in will enable this large region to raide the more lucrative fruit crops in 
great abundance, and to some measure abandon the now universal 
staple of wbeat. The depth of these wells varies according to eleva-
tion of the snrfac~. . 
IRRIGATION BY SHOWERS. 
W. Brown, principal of Lougerenony Agricultural College: Recom-
mends for the purposes of shower irrigation a band force pump ou a 
4,000-gallon tank in the ground, with iron pipes along edges of crop plots 
to wbicb rubber bose are attached with portable sprinklers, one man 
with two sprinkl~rs can shower a diameter of 40 feet. each, irrigating 
at the rate of 1 inch to the acre, 22,600 gallons of water in 3 hour8. 
The cost of the whole plant of Lf>ugerenony Agricultural College, Aus-
tralia, is only $200. 
He said that-
To say that we a.re limited tu "floodin.l{" ttnd furrow as systems of applying water 
is to acknowledge a limitation of the art and our own uoprogressiveness. 
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Water applied only to the roots, and the sudden changes of tempera-
. ture, are unnatural, and with "highly organized" plants must be a 
source of danger. Irrigation by showers in certain localities would ar-
rest frost. As yet the system thus described is only available for limited 
areas. On large plantations little could be done. 
METHODS OF IRRIGA1.'10N. 
C. L. McGuirk, Mildura, argued that land must be thoroughly graded 
and leveled after plowing and all crops should be drilled, so that horse, 
hoe, and cultivator could be worked after watering.* . 
Fruit trees should be watered by furrows run each ~ide and closed -
after each watering. The water is run rigllt through them one-half or 
two-thirds, and the smaller streams allowed to run until tllorougbly 
soaked. No two tracts can be watered the same unless the grades are 
equal, and the irrigationist must watch his laud and apply water on 
the first sign of choke. 
Drainage, when required, is easy by the use of stones, dead wood, 
heath, or saplings laid at bottom of drain and covered with sods; but 
many irrigators bold that drainage is unnecessary except when the land 
has a deep fall. 
Mr. McGuirk has under cultivation by irrigation: Apples, 35 sorts; 
apricots, 9 sorts ; almonds, 2 sorts; cherries, 10 sorts ; peaches, 13 
sorts; plums, 25 sorts; pears, 4 sorts; also quince, mulberry, raspberry, 
and strawberry. His vines also, of various kinds, have all done well 
under irrigation. He also declares that "the smaller th~ area worked 
by one man the greater will be the results and the more got from the 
land in proportion." 
IRRIGATION OF ORCHARDS. 
F. W. Shaw states that, as to the quantity of water required for a 12-
acre orchard or vineyard, a supply tank of 4,000 ;yards, excavated out 
and placed around 8 chains 1 rod of land 5 feet high, will give, after 
allowing for evaporation and seepage, 1,338,000 gallons of water. To 
water G acres of trees 16 feet by 16 feet, and 6 acres of vines 7 feet by 7 
feet apart, it would require 309,480 gallons of water. I have an ele-
vated tank of 2,000 gallons filled in 1~ minutes by a 4-inch centrifugal 
pump driven by 2 horses. The same power is used for farm purposes, 
cutting chaff, crushing corn, etc. The bottom of this tank is level with 
t be tops of the trees, so that the trees may be sprayed. From this tau k 
a 1i-inch main pipe runs down the center, between the orchard and 
vineyard, a length of 14 chains, with 1~-inch taps on standards at suit-
able distances, a 3-inch canvas hose is attached. From this hose the 
stem of each tree may be watered about 3 feet all around. While that 
is running I lay down the next hose, and so on to the end of the row, 
and then coming back irrigate two trees at a time, and also finding time 
to support with props the t.rees that are heavy laden with fruit. Each 
tree gets 100 gallons of water in two waterings during the year. Late 
peaches require an extra watering. Wine grapes do not require any 
water during the growing season. 
D. R. Vince plants trees any distance from 16 to 30 feet one way and 
10 to 12 feet between the rows. The subsoil must not be turned up, 
brit after plowing the land once and thereby getting the soil about a 
'*This seems to be the general idea in Australia, great stress being laid on the mel 
10wing of the soil by pnl verization. Aeration seems to be as much sought as moisture 
S. Ex. 53--17 
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foot higher on the crown than in the furrow, he goes back again about 
3 feet from the crown, which makes 3 furrow of about 9 inches deep. A 
load of maiden soil is required for each tree. By planting them about 
10 or 12 feet apart, if the garden were a mile long every tree is shaded. 
After each watering a little soil should lJe sprinkled on the watered 
area. About tile third year we heap a little dirt and water around the 
stem of each tree, making a basin about 3 feet around it. As we go 
along we leave a basin to hold about a hogshead or two of water locked 
by a little cutting on the lower side. Under this theory all the ground 
mu.st not be watered but only the space in these holes. Mr. Shaw notes 
an instance where the water was run an over the surface, with a fatal 
effect on all the trees, some of which had been growing for 25 years. For 
drainage he uses a 6-inch earthen pipe. His plant cost £1,000, includ-
ing pump. For vines be runs two taut wires the same as in a fence, 
and trains the vines on the lower one, on th~ top wire he ties the 
growing wood. We prune back to 2 or 3 inches so that the vine bas 
nothing to support but the year's growth. 
When the yield of fruit diminishes from constant bearing he cuts off 
about two-thirds of the tree, from a 15-foot tree he takes 10 feet, and 
the following year gets a he a vier yield from the 5-foot tree than from the 
1.3-foot. 
G. Eason, discussing the irrigation of garden and orchard, said that 
the preparation of the land is as usual. . 
In applying water to apples he runs the water dowu furrows between 
every alternate rows of trees, then also bring a covered drain down the 
same. Apples do well on a light surface soil with clay subsoil. Plums, 
pears, and raspberrie~ are planted in deep black soil and require little 
water. Stagnant water must not be allowed to remain. A plant stand-
ing in stagnant water 12 hours is likley to die. Cultivation may be 
a success without irrigation, but that can not take the place of cultiva-
tion, therefore drainage and the working of the soil is absolutely nec-
essary. 
Cabbages grown without irrigation are worth in the Ballarat,market 
about 2 ~billings per dozen, not more than half being fit to cut, while 
the irrigated product is worth 3 shillings per dozen, and about 1,000 
dozen are raised per acre. Irrigated land is worth from four to five 
times the value of nonirrigated. 
Hans Larem said that he plants fruit trees not less than 24 feet apart, 
with early bearing fruits between to be removed as the permanent trees 
require space. Trenched embankments with properly graded drains 
are recommended for facility in watering, the water to be confined 
therein and not allowed to run over the surface. These trenches should 
be underdrained and the water conserved in reservoirs for use on lower 
levels. 
IRRIGATION OF VINEYARDS. 
T. Haig, discussing this subject, said that: A vineyard planted 27 
years ago without irrigation yielded 200 gallons per acre. Mr. Haig 
desired to irrigate but had neither creek, spring, nor well on his ground, 
although be had gone down 70 feet for water. He bought a piece of 
morass about half a mile from his place and sank an open channel about 
70 to 80 feet deep at the foot of it, getting a little water and finding 
solid rock into which he drove 60 feet with dynamite at the rate of a 
foot a day. At that point he got water enough to double his yield. 
From a ·(i.am erected at the water site, he brought a 1n--inch pipe to the 
vineyard and laid down branch pipes of 1 inch with plugs about every 
:·· 
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12 feet. The only labor of watering being the removal and returning of 
these plugs. 
The ground thus irrigated lias a fall of 1 in 8. feet and the water 
is run from the pipes into little excavations alwut 15 or 18 inches deep; 
the idea being to get it to the subsoil. 'l'his irrigation is done with a flow 
of only 5 gallons per minute, but the retu~u is marvelou~. The cost 
of the plant was $2,500, but in 2 years tlJe increased products paid 
the cost and the vines are now bearing six times more fruit than before 
water was brought to them, and the wine is of a better quality. 
IR.RIGA'l'ION OF HOPS AND FRUI'l'. 
H. A. Crawford states that the water be uses for the irrigation 
of hops is taken from a river (Owens) by 9-inch and 7-inch centrifugal 
pumps and a 20-foot undershot water-wheel. The rise is about 20 feet 
into a receiving box, and is distributed from thence by a 9-inch galvan-
ized iron pipe, with openings. at proper intervals, to which I tie calico 
bose divided into 10-yard lengths. At one ~nd of the bose an iron ring 
is placed, and at the other end a string of tape with which I tie the 
bose to the hole in the pipe. The two pumps have a capacity of 8,000 
gallons per minute. This plant irrigates 100 acres. -
Hops require more water in the early part of the season than they 
do later on. After they commence to ripen water retards their matur-
ing and produces a green color that is objectionable. • 
Fruit trees should be planted at least 6 or 8 inches above the adjoin-
ing ground to prevent collar rot. This is the practice in southern Cal-
ifornia. 
Out of 830 lemon trees I planted last year according to this method 
all are growing remarkably well. Speaking of the general benefits of 
irrigation at Los Angeles, in 1876 these regions were alkali deserts, but 
now under irrigation a man who owns 10 acres is comfortable and the 
owner of 20 acres is independent. If irdgation bas the same effect 
in Victoria it is destined to be one of the richest countries in the world. 
IRRIGATION OF MEADOWS AND P AS'l'URES. 
T. Edol's plan to irrigate grass land is to hoe or plow large drains 
to conduct the water, and have the ground laid out in" lands" of width 
conforming to the topography and the area to be watered; and a sec-
tion properly irrigated will pasture tO sheep to the acre. He was also 
in favor of the storage _system of semi-artificial reservoirs made by 
damming the rivers at the mountain gorges. 
CUL'l'URE OF .AMBER CANE SORGHUM. 
A. D. Jefl'rey states that amber cane sorghum is one of the most valu~ 
able of summer and autumn fodder crops. The laud is plowed in au-
• tumn about 9 inches deep and sown with wheat for hay in April or 
1\'lay. This is watered about 2 inches at the end of Augu~t and cut 
early in October. Then the land is cross-plowed about as deep as be-
fore, then harrowed, rolled with a porcupine roller, and worked with a 
cultivator until thoroughly pulverized. After leveling and grading fur-
rows are opened with a plow about 2-2- feet apart, the main channel 
being at the higher end. The furrows are filled with water and the 
laud. thoroughly soaked, and as soon as the soil is fit to work the sor-
ghum seed sown about 12 poumls to the acre. The furrows are filled in 
with a leveler and 2 days afterwards given two strokes with a har-
t . ' 
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row, this la~t process being important, as it leaves the land in the best 
possible condition to retain moisture. A horse hoe is worked through 
the rows and the young shoots earthed up when about 6 inches high, 
and every second ft1rrow prepared for a water channel by dragging a 
small stump through it. About the middle of December water is giver. 
according to the previous rainfall, and the channels scarrified to th~ 
depth of about 3 inches. From Christmas time until May• it is fed to 
stock, yielding about 50 tons of this nutritious green food per acre. ln 
gathering only the thick, well-grown stalks are cut, leaving the rest to 
ripen, and about six cuttings per crop are made, and after that sheep or 
swine may be turned in, which will eat the remaining shoots level with 
the ground. The land may be made ready then for spring tomaioes, 
as the cane leaves the soil in nice friable condition. 
QUL1'IV ..A.1'ION WITH IRRIGATION. 
T. K. Dow, who is well known in the Western States, as well as in 
Australia, as an agricultural writer and traveler, said that the impor-
tance of cultivation is too often imperfectly understood by farmers who 
depend upon rainfall for moisture, and it is seldom that in adopting 
irrigation the degree of increased attention to the working of the soil 
is given which the new conditions demand. 
Deep cultivation must be distinguished from plowing. The terms 
are-not the same. It is possible to cultivate without plowing, and 
it is well known that deep plowing of new ground often gives unsat-
isfactory results, exposure to sun and air being necessary before the 
soil brought up becomes productive. Even in a moist climate a deep 
bed of cultivated soil is advantageous; but with irrigation this is of 
the first importance. The layer of cultivated soil is all that the irri-
gator bas to take in and hold the water supply for his growing crops. 
Well-cultivated soil takes in water like a sponge and like a sponge 
hoJds it. A deep layer of soil will hold more than a shallow one. 
Moisture to the depth of 3 or 4 inches is quickly drawn from the earth, 
and if cultivation extends no deeper there is nothing left to support a 
crop. An inch of such soil at the bottom is worth two at the to,,, and 
it is bad poiicy to put water on a thin layer of soil to be quickly evapo-
rat<'d. A stratum of hard lumps will not abRorb or retain water; 
what is wanted is a soil well worked, and the greater the depth of this 
the better to hold water. 
A frequent stirring of the surface is as necessary as deep cultivation, 
as this process resolves the upper layer of soil into a loose tilth filled 
with air spaces which pt'event evaporation. After a shower or irriga-
tion, a thin crust or skin forrps, which is nature's medium for evapora-
tion. Cultivation breaks up this medium and pulverizes the soil so as 
to form a sort of blanket between the atmosphere and the water-bearing 
stratum of soil. Just as wlten au empty sack, or plank or some straw 
is sometimes found in a field, and although all the remaining land is dry 
the underlying soil is moist and fit for growing, so with this thin cover-
ing of pulverized aerated earth, the moisture of the underlying soil is 
conserved. An instance is noted of an orchard that was irrigated and 
tben cultiv-ated, and upon removing about 2 inches of soil, the ground 
was found moist and mellow. At one corner of the orchard the chan-
llel bad overflowed and irrigated this part of the orchard a second time, 
but no cultivation had followed; and the result was a striking lesson; 
* 'fhe antipodeal difference between American and Australian seasons should he 
noted. 
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tbe snrface was hard and cracked, and I bad to dig 5 or 6 inches before 
uncovering mo1::;t soil. Frequent cultivation in reality is forming· a 
mulch witll tbe surface soil, and tlle ad,?antages of mulching to check 
evaporation are too well known. · 
TLere were present at this conference 72 representative farmers, and 
62 papers were read; ways and means were intelligently discussed, and 
each paper was followed by an exchange of views that must result in 
much practical benefit. The foregoing are merely abstracts, and the 
limited space allowed in this report must excuse the omission of much 
Yaluable matter. It is only necessary to allude again to the fact that 
while Victoria is alive to the benefits of irrigation, and under the 
ldndly influence of its waters is bringing a new bloom to the face of 
nature, the absolute necessity of intensive cultivation in connection 
therewitll is never lost sight of. An irrigable farm gives a sure return 
to labor. 
NOTES ON THE EXPERIENCE OF OTHER COUNTRIES IN THE 
ADMINISTRATION OF THEIR WATER SUPPLY. 
BY H. G. McKINNEY, M. E., 0. E. 
rRead before the Royal Society of New South Wales .July 26, 1887.1 
The countries from which the most useful lessons in water adminis-
tration can be obtained are Spain, Italy, India, France, and the colony 
<lf Victoria, while America auu England furnish striking instances of 
mistakes which we slwuld do our utmost to avoid. There are otller 
countries from which some useful hints can be obtained and which will 
be incidentally referred to, hut those enumerated will supply nearly all 
tlle information now brought forward. 
The scanty rainfall and high temperature in Spain early led to the 
introductiOLl of irrigation in that country, while the smallness of the 
available supply of water necessitated the framing of regulations for its 
use. Hence we fiud that duriug the occnpation of Spain by the l\Ioors 
irrigation was widely practiced, works for this purpose having been con-
structed then which even now occupy an important position both from 
an engineering and from a utilitarian poiut of view. The value of the 
customs and laws under which irrigation works were managed by the 
Moors was fully recognized by their conquerors. An excellent instance 
of this occurred early in the thirteenth century, when tlle King of Ara-
gon, by whom the Moors had been expelled, issued a decree that the 
cuRtoms observed by thew in regard to the utilization of water should 
be adopted aud adhered to. Iu short, the Spaniards were indebted to 
the Moors not only for their irrigation works, but for their system of 
administration and their sound and practical methods of dealing with 
the water rights. 
The Spanish law of water, which was passed in 1366, and whicb is 
prohably tile most comprehensive act of its kind in existence, is little 
more tllan a codification of previously existing laws and a legaliza-
tion of established cm;toms. Generally speaJdng, every irrigation work 
in Spain has a code for its management, and the administration of 
tllese rules is iu the llands of the irrigators. The law of water deals 
with the general question of the rights of the State and of iudividua.ls 
to water, and is sufficiently wide in its scope to provide as well for the 
most ancient irrigation works in the land as for those recently carrietl 
out by the English companies. Tllis law consists of thide hundred 
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articles or clau:,es; but the first twenty-nine of these relate to the 
waters of the sen and deal with coastal works and with the belt of sea 
throughout which Spanish jurisdiction extends. In the remaining two 
hundred and seventy-one clauses the subject of rights to rain-water and 
to rivers, lakes, and subterranean supplies is treated exhaustively. The 
basis of this law, briefly stated, is that all large natural supplies of 
water are public property. 
Article 31 declares that-
There pertains to the public property the rain-water which flows through torrents 
or water-co11rses, the channels of which belong to the same public property. 
Article 33 proclaims that-
There pertain to the public or public property: (l) The waters which spring 
perennially or intermittently within the public lands. (2) Those of the rivers. (3) 
Tlwse, whether perennial or intermittent, which flow through their natural channels. 
Article 44, dealing with the stagnant water, declares that-
There pertain to the public propert.y the lakes and marshes formed by nature, cov-
ering public land and fed by public streams. 
In the case of subterranean waters, these belong to the owner of the 
land under which they are obtained. 
Article 45 on this subject states: 
There pertain to the owner of an estate in full possession the subterranean waters 
which have been obtained in it by means of ordinary wells, whatever may be tho 
apparatus employed to draw it. 
Among the numerous points provided for in the Spanish law of water 
one of the most. important is the power to obtain a right of way for 
water for irrigation purposes. It is at once obvious that in a case where 
extensive irrigation works are constructed it is absolutely necessary 
that all persons owning property within a reasonable distance of the 
works, and to whom it is desirahle that a supply of water should be 
afforded, should have a right to construct the necessary channels on 
payment of fair compensation to the owners of the land through which 
these channels have to be taken. Another very important subject dealt 
with is the provision of regulations under which concessions can be 
granted to companies or to individuals for the construction of works 
for irrigation or for water supply to towns. As an instance of the terms 
on which concessions have been granted, the case of the Iberian Irri-
gation Company may be quoted. The principal conditions under which 
the coneession was granted this company were that it would at its own 
cost and risk qonstruct canals for irrigation purposes, that it would not 
have authority to charge at a higher rate than 28s. per acre of land 
watered, and that after 99 years the canals would become the property 
of the State, to which they should be made over in good working order. 
The following remarks of Moncrieff on this concession are suggestive: 
In return for all this wl1at the Government gives is the use of a river running to 
waste and which they themselves could uot employ; and this use is in order to ben-
efit their own country, inoreasing tbe general prosperity of the district, aud directly 
swelling the revenue by enabling them to impose on the watered lands a heavier 
assessment. 
Legislation on the subject of water rights in the \arious States which 
are now combined in northern Italy dates back in some instances as far 
as the tenth century. The laws and customs of these States have been 
altered and improved on as occasion required; but the general basis of 
the enactments in force is that the state is the owner of the rivers and 
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of all their tributaries of any importance. This point is enunciated in 
the Code of Victor Emmanuel, which was passed on the union of the 
Italian States and which proclaims that the rivers and torrents form 
part of the public domain. Starting with this position, most complete 
regulations are laid down in regard to the utilization of the national 
supply of water. All owners and occupiers of land are bound to obtain 
sanction from the authorities before any works can be constructed b:r 
t.hem for this purpose. 'rhe works must be carried out and the water 
used in the manner sanctioned, and no alteration of existing works can 
be made without first obtaining approval. The owners or users of 
canllls are bound to maintain them iu good working order and have to 
provide Jor the escape of all surplus water, which, if not required for 
use by other irrigators, has to be allowed to flow to the river from 
which it originally came. 
The portion of the Civil Code of Italy which treats of water rights is 
very comprehensive and holds a corresponding position there to that 
occupied by the law of water in Spain. The conditions existing in 
these two countries differ ma.terially, and the legislation to provide for 
the~e conditions naturally exhibits a corresponding difference. In 
Italy the rainfall is much higher and the supply of water in the rivers 
more abundant and more regular. Hence the necessity for drainage 
works in connection with the irrigation in northern Italy is felt in a 
<legree unknown in Spain. On this account the subject of drainage is 
dealt with more exhaustively in the Italian enactments. Among points 
relating to drainage provided for in these the most important are (1) 
the right of way for drainage water, (2) the obligation to keep drainage 
works in repair, and (3) the rig·ht of an owner or occupier of land to 
enter the lands of ot.hers in order to repair any drainage work, from 
the condition of which he has reason to apprehend danger or loss. 
Under the Italian laws no man has a right to waste water. When a 
supply of water is granted to any person for the irrigation of a certain 
plot of land, the surplus Jeft after that land is watered belongs to the 
person or authority from whom that supply was obtained. 
Tbe same reason which in Italy called for special provisions regard-
ing drainage also necessitated comprehensive regulations in regard to 
right of way for water. Not only is a right of way for water through 
public or private lands and over or under canals provided for, but even 
cases in which it may be desirable to conduct water into and for a cer-
tain distance through a canal or channel already in operation bas not 
been overlooked. 
The canals of Italy having been constructed under a. great variety of 
conditions, and in most cases many centuries ago, there is considera-
ble diversity in the nature of their ownership. Hence we find that 
some of these works are the property of the Government, others of 
corporations or associations of irrigators, and others of private individ-
uals or companies. Since the union of the Italian States the principle 
ofhaving irrigation and drainage works constructed and managed by 
the persons interested has been fostered and encouraged. Still, the 
only great irrigation work constructed within a comparatively recent 
period-namely, the Cavour Canal-was carried out by an English 
company under a special concession from the Government. But the 
system of management by associations, which corresponds closely with 
what we should term "irrigation trusts," is in full operation and works 
very satisfactorily, as might be expected. The Italian civil code not 
only sanctions voluntary associations for the management and drainage 
of irrigation works and prescribes regulations for their guidance, but 
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it provides for the cumpttlsory formation of associations of this descrip-
tion for the public benefit when a majority of the landholders of a 
district so desire. It is necessary to add, that in cases of the latter 
dt:'scription an association can be formed only when the majority of the 
landholders wllo are in favor of it represent more than half of the 
total interEst involved. 
The procedure laid clown for cases in which a supply of water from 
a river or lake is required is, in the main, similar to that adopted in 
France, aH will presently be explained. Applications for such sup-
plies have to be made to the Government through tlle local authorities, 
and eY~ry application must state the nature and extent of the conces-
sion asked for, explain the object~ in view and show their utility, and 
must be accompanied by plans and sections in explanation and sup-
port of the claims advanced. To deal with such proposals and with 
the management of the water supply generalJy, there is a staff' of highly 
trained hydraulic engineers in the :::;ervice of the Government. l'roj-
. ects for the diversion of water from the rivers, or for drainage, or for 
tbe alteration of existing works for drainage or irrigation purposes, are 
refened to th e engineers, who have to inquire into not only the engi-
neering aspect of the proposed works, but also as to the benefits likely 
to arise from them, and the actual or possible objections to their con-
struction. The local authorities are also called on to furnish their 
opmwns. 'lhe information and opinions thus obtained are considered 
by the Government., and if it be ctecided to grant the concession asked 
for, the terms on which it can be allowed are arranged in <letail. 
The Cavour Canal, which bas already been referred to, being ana-
tional work in importance, magnitude, and cost, was to have been con-
structed by Government; but owing to the state of the public finances 
an a<lva.ntageous offer made by a company, composed chiefly of English-
men, to carry out the works was gladly acc.epted. The terms of the 
concession w~re so favorable to the Government that, as bas been stated 
by Moncreif, the canal bas proved a source of wealth and prosperity to 
all connected with it, except the shareholders. The principal points iu 
the agreement were that the company should, "itbin a given period, 
carry out a project the main features of which bad already been cletflr-
mined on for the construction of a canal from the river Po, that this 
canal should be capable of discharging a stated quantity of water, and 
that its main object should be to augment the supply in several existing 
canals. The company was to manage and maintain the works and to 
receive the revenue from them for 50 years, after which period it was 
to band them over in good repair to the Government. The charges for 
water made by the company were not to exceed rates which had obtained 
the approval of the Government; but the latter guaranteed a return 
of 6 per cent. on what it recognized as the capital of the company. It 
is manifest that an agreement of this description carries with it a certain 
advantage free from risk to the Government which makes it, and to 
the landholders on wbo~e behalf it is made, while the risk all falls on 
the company which undertakes to construct and maintain the works. 
In France, questions relating to irrigation and navigation have to 
be considered together when dealing with the rivers. The system ot 
inland navigation in that country has long been one of the most im-
portant in the world and holds a very prominent position in promoting 
trade by recluciu~· tbe cost of carriage. The extent to wllich the value 
of the rivers and canals of France are appreciated may be juilged from 
tbe fact that not many years ago the sum of forty mil1ions sterling was 
Yoted for their improvement and development. 
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Although irrigation is practiced in almost all parts of France and over 
exteusive areas, and although its general effect is to raise the value of 
larul 50 per cent., still it is not of such vital importance as in Spain, 
nor is it even so much of a necessity as in Italy. Hence it is not sur-
prisiug tllat the laws of France relating to water supply: having to deal 
wit.h all the requirements of both navigation and irrigation, are more 
complicated than tllose of Spain or Italy. But the principal of the 
State right to streams is made sufficiently clear and the rights of the 
public are so defined as to prevent the obstruction of useful works. The 
code of Napoleon declares that rivers and streams which will carry floats 
or rafts are considered as dependencies on the public domain, and a 
subsequent enactment specifies the streams and parts of streams which 
were to be deemed navigable or raftable. In cases where rights to sup-
plies of water bad been acquired previou~ to the passing of these enaet-
rnents, compensation was allowed to the owners of these rights. Sub-
ject to such conditions, the Government also reserves to itself the right 
to declare streams or parts of streams navigable or raftable in addition 
to those already proclaimed. 
When any private individuals or syndicates propose t obtain a sup-
ply of water from a river, the matter has to be referred to the prefect 
of tbe district in which the supply is required. Investigations are made 
by him into the circumstances of the proposal, and the subject is then 
made over to the engineer of the department, who reports on the mer-
its ot· the project from an engineering standpoint. As in Italy~ appli-
cations for water privileges muRt be accompanied hy plans and sections, 
aud also, as in that country, the engineer to whom tlwy are made over 
for report is a highly trained government Qfficer. Having investigared 
tbe application, the engineer returns it, with his report, to the prefect, 
wbo adds any remarks he may consider necessary, and then forwards 
all the papers to the Central Government, where they are consiflered by 
tlle council of state. If the application he granted, the proposed works 
must be carried out under terms prescribed by the Government and 
subject to the supervision and approval of the Government engineers. 
Tlle foregoing is the procedure in the case of large works or claims, 
but for water pri\·ileges of minor importance the prefect has discretion-
ary powers to grant claims which are recommended by the ·engineer. 
The fact that the State does not lay claim tori vers and streams which 
are not navigable has led indirectly to difficultieH in the way of irriga-
tion enterprise. Another cause of injury to irrigation prospects lias 
been the difficulty and expense atteuuaut on obtaining a right of way 
for water-and a right to abut a dam on the property of others. These 
difficulties ha\e, in a great measure, been surmounted by the system of 
having works constructed and managed by syndicates or associations 
composed of persons directly interested in them. Two kinds of such syn-
dicates are recognized by the laws, and one termed "free," because its 
members, in all cases, join it voluntarily, and are at liberty to leave it 
if they desire; the otller termed "authorized," because it is empowered 
by tlle State to exercise certain rights, and among others to acquire 
any land which may be necessary for its purposes. On the wlwle, a 
free syndicate bears to an authorized syndicate llearly the same rela-
tion as a progress committee in this colony bears to a municipal coun-
cil. The main principle of either kind of sync;licate is purely that of 
local government, the construction and management of irrigation, and 
other kindred works being in responsible charge of a body elected by 
those directly interested. 
In Upper India the canal act of 1873 deals in a concise, as well as 
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comprehensive, manner with the question of water conservation ancl 
supply. This act is the outcome of t.wo excellent reports which were 
furJJisbed to the Indian Government at different times by two engi-
neers, who were specially deputed to visit irrigation works in the south 
of Europe, and to report on their character and administration. The 
countries drawn on for information aud experience were Italy, Spain, 
and b'rance, and there can be no doubt that tb.ese were the-countries 
wllich could furnish the most valuable suggestions and present exam-
piPs most wort11y of imitation. 
The N ortbern India canal and drainage act commences with the an-
nouncement of the right of the State ''to use and control for publi~ 
purposes tlle water of all rivers and streams :flowing in natural chan-
nels, and of all lakes and other natural collectious of still water. Part 
I of this act is of a preliminary nature, and furnishes a statement of the 
territories to which it applies, specifies the previous acts which it super-
sedes, and defines the application of the terms used in it ; part n, re-
lating to the application of water for public purposes, de~cribes the 
procedure to be adopted when a supply is proposed to be utilized, and 
states the powers of canal officers, the conditions under which compen-
sation may or may not be awarded, and the method of inquiry into 
claims; part rn, dealing with tbe construction and maintenance of 
works, gives to canal officers the power of entry on private lands, and 
describes tbe procedure followed when granting supplies of water from 
a canal, and the responsibilities of the persous to whom such supplies 
are granted; part rv, on the supply of water, describes the cases under 
which a supply may be stopped, forbids the subletting of such supply, 
aml ordains that any contract for water between the Government and 
a landholder shall ·be transferable with the land; part v, dealing with 
water rates, distinguishes between the occupier's rate and the owner's 
rate, and describes the mode of treatment of each. The remaining six 
parts, into whwh the act is divided, deal respectively with canal nari-
gation, drainage, obtaining labor for canal and drainage works, juris-
diction, offenses and penalties, and subsidary rules. 
It is well to call attention here to the title of this act, which shows 
that it applies ouly to Northern India. Madras, which bas a governor 
and government of its own, is much behind the northern provinces in 
regard to such legislation, and in this respect, at least, justifies the 
name of the '~Benighted Presidency," which is frequently .applied to it. 
For the administration of the act described, the engineers in charge 
of canals in full operation are required to pass a qualifying examina-
tion to show that they have required the requisite proficiency in knowl-
edge of canal law and of the code of criminal procedure. On passing 
tllis examination they are gazetted as canal magistrates, w~th powers 
to try· and pass judgment on o1,Jenses against the canal act. Appeal 
can be made in such cases to the district magistrate, but this is very 
seldom resorted to. The position of canal engineer is thus one of very 
considerable responsibility, as be has not only to see that the main canals 
and distributaries are in thorough working order, but he bas to supply 
the water without fail to the cultivators according to an appointed rota-
tion, to punish any attempt to interfere with this rotation, to decide 
regarding applications for new supplies or for the transfer of the posi-
tion of outlets, and to prevent any kind of waste. The canal engineers, 
whether they be royal engiueers or civilians, are the outcome of the 
competitive system, the only exc•~ptions to this rule being furnished in 
the cases of a few civilians and staff corps offices of long service. For 
many years past the first step toward.f the att,ainrneut of an appoint~ 
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ment in the department of public works in India, whether the candidate 
proposes to enter the service as a royal engineer or civilian, is the pass-
ing of an open competitive examination. The course of training neces-
sarily differs, as the curriculum for civilians includes only civil and 
mechanical engineering and subjects bt>aring on these, while that of the 
military cadet, though involving these subjects to an important extent, 
embraces also the subjects necessary to qualify for the higher scientific 
branch of the military service. • 
The canal and other great irrigation works in India are in all cases 
constructed by Government and managed in the manner described. The 
success of the system of canal adnlinistration in Upper India is beyond 
question, though the attempt to engraft the principle of local govern-
ment. on it proved a failure. The management of branch canals and 
distributaries will probably be placed in course of time with satisfactory 
results in the charge of local associations of landholders. It does not, 
however, seem surprising that a nation that bas been the victim of suc-
cessive conquests from time immemorial, and which has never hitherto 
been permitted to have a voice in the administration of its own affairR, 
should be slow to develop a talent for governing itself. The present 
system is undoubtedly that best suited to the conditions of the people, 
though it is not altogether in accordance with the present tendencies of 
European nations. Hence, while we can learn usefullessonR from the 
principles of Indian canal law, there are many points in its administra-
tion which we are not likely to imitate. The great principle which lies 
at the root of the legislation in Northern India, as well as in Spain, 
Italy, and France, is that all great natural supply of water belong to 
Government, and that it is the duty of the Government to deal with them 
in the manner most advantageous to the public. This was the princi-
ple on which was based the draft bill given in the first report of the 
late royal commi~sion on the conservation of water in this colony. It is 
the principle adopted (avowedly from the draft bill) in recent legisla-
tion in Victoria, and, so far as can be judged from the experience of 
other countries, it is the only sound basis on which the natural water 
supply of a country can be administered. 
Spain, Italy, France, and India take the leading positions in regard 
tu administration of rivers and other sources of water supply, and fur-
nish the best examples for our information a.nd guidance. But there 
are other nations which afford corroborative evidence of the soundness 
of the systems which they .follow. For instance, in Prussia, Bavaria, 
and Saxony, the Government claims absolute ownership of the rivers, 
and will not permit even the tributary streams to be interfered with 
until sanction has been granted. be g· eneral princjpJes adOJ)ted in 
the management of the rivers in these countries bear much resemblance 
to thoRe acted on in France, and the result is eqnally satisfactory. 
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IRRIGATION THEORIES AND PRACTICES.~ 
PURPOSE OF IRRIGATION. I'l'S IMPOR'l'ANCE, EXPLANA'l'ION OF ITS 
EFFECTS-THE PAR'l' WHICH WA'l'ER PLAYS IN VEGETA'l'ION-DIS· 
TINCTIONS NECESSARY '1'0 BE LAID DOWN. 
Definitim~.-To irrigate a soil is to moisten it by spreading water on 
its sn rface so as to produce, by artificial means, a similar effect to that 
canst•d by rain. The employment of a watering pot requires an enor-
mous amount of manual labor, iwt merely for the scattering of the 
water, but still more for its conveyance from the reservoir which sup-
plies it. to the place where it is made use of. For this reason it is now at-
tempted, even in gardens, to substitute more Economical plans as much 
as possible. In cultivation on a large scale, watering by manual labor 
can not be even dreamed of. Happily, the greater part of manual labor 
can be avoided by a suitable system of ditches or trenches. These, by 
a properly arranged fall, conduct the water by gravitation from the off-
take point to the land to be irrigated. This economical process con-
stitutes" irrigation.'' In every case, a limited quantity of water, spread 
at a given moment over a given portion of cultivated soil, is for such 
portion what is called a" watering" (arrosage). 
Importance of i'rrigation.-In France the land, which is unirrigated 
bn t suitable for that process, is calculated to amount to 3,000,000 of 
hectares (nearly 7,500,000 acres), and it is probable that this estimate 
is below the truth. The fact is recognized elsewhere, in countries where 
irrigation is a general practice, tbat it increases the value of land at 
least 50 per cent. beyond its original value, and that it oftener triples 
or quadruples tbat value, and that sometimes it multiplies it even ten-
fold. Wllat an inexhaustible spring of riches it would be, what an in-
crease to the public estate, if all the advantage possible were taken of 
this marvelous aid to production. 
Water, the indispensable factor of vegetation.-Water, it is known, is 
inclispen~aule to cultivation and vegetation. A soil completely de-
prived of water must either become reduced to a dust incapable of 
affordiug the requisite support to the roots of plants, or would form 
a mass very difficult to be broken up by agricultural implements, 
and altogether impenetrable by the young extensions of the roots of 
plants. Further, it is water which, aided by the atmospheric gases with 
which the earth is ordinarily impregnated, ·attacks the mineral constit-
uents of the soil, and by their dissolution sets free the useful elements 
which the plants very soon appropriate. It is water which serves as a 
vehicle for _all the active properties of manure; and it is water, in one 
word, that forms tlle principal portion of the sap. 
The sap absorbe.d by the spongioles or suckers of the rootlets rises 
to the green parts of the plant, and especially to the leaves; there it 
is elaborated, and assimilates carbon, which it borrows from the car-
bonic acid of the atmosphere; it then becomes concentrated by a con-
siderable evaporation of water, and finally descends again and dis-
tributes itself through the substance of the plant, causb1g the increase 
or growth of its various organs. We know that the transpiration, by 
"A translation from" Notions Elt'3mentaires 1'beoriqnes et Pratiqnes sur les Irri-
gations appliqnees anx terres en culture, anx janlins et anx prairies, par J. Cbarpen-
tiel' de Cossig11y, Ingenienr Civil, ancien eleve de l'ecole Polytecbnique, etc. 
Ouvrage conroune et pulllie par 1a Societe des Agricnltenrs de France." Paris, 1874. 
This paper is adapted in part from a report ma<le in 1887, by the Hon. Alfred Deakin, 
M. P., chief secretary of the department of water supply, Victoria, Australia. 
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which plants lose a portion of the water tbey contain, takes place 
chiefly during the heat of the day, and that it is greater in proportion 
as the air is drier and the soil is more :;atnrated with water. However, 
this evaporation, in each species of plant, can not dimiuish beyond a 
certain limit; it becomes, on the contrary, enormous under the com-
bined action of dry winds and sunshine. Physiologists calculate that, 
approximately, as a general rule, the daily evaporation is equal to llalf 
the weight of a plant. It was by starting from a datum of this kind 
that Hales supposed that 1 hectare (2~ acres) of cabbages could lose 
by trauspiration 20,000 kilogrammes (over 42,000 pounds) of water 
during 12 hours of the daytime. It can be at once understood tbat 
the general activity of the vegetative fuuctious is proportionate to 
the abundance of this transpiration, but with this coudition always, 
that the soii is able to supply a sufficient flow of sap as required to 
maintain this incessant consumption of water. As soon as the moil'.i-
ture of the soil becomes insufficient, the current slackens, and the plant . 
remains in a stationary condition. It is true that the transpiration llas 
diminished also, but it can not nullify itself altogether, so that, if the 
quantity of water suppUed by the soil continues to diminish, the plant 
droops, withers, and finally dies. 
Frequent insufficiency of rain.-Rain is distributed over· the days of 
the year in the most unequal and capricious manner. If at certain 
times the water is so abundant in the fields tllat the farmer is obliged 
to apply himself to providing an escape for it, ou the other hand, there 
are frequently periods without rain, when vegetation remains languid, 
and as it were i:p. suspense. Even if the rain were distributed evenly it 
would be very far from sufficient, at least for porous soils, and where 
plants are cultivated, whose roots pierce only to a little depth, for the 
snpport of a continually active and vigorous vegetation. It is then 
that irrigation operates in the most advantageous manner, and we can 
easily understand that it is especially in climates where the heat aud 
light excite to the highest degree the power of assimilation in the or-
gans of plants, and where au important leaf evaporation demands a 
proportionate current of ascending sap, that water produces wonderful 
effects. Who llas not remarked that years of abundance depenu very 
much on a fortunate distribution of showers coming on at opportune 
times¥ To have water always at our disposal, it is evident, is the only 
way to have a truly vigorous vegetation, and haryests at once regular 
and abundant. 
Mineral substances . in solution in water.-Water does not exist in 
nature in a pure state; as it flows, whether on the surface of the ground, 
or in the substance of the more permeable of the strata of the earth, or 
. finally in the deep chasms from which it comes forth in the form of 
springs, in all these cases it is charged, by means of solution, with the 
numerous mineral substances composing the rocks with which it has 
happened to come in contact. The most common and most abundant 
substances in waters, are lime, magnesia, alumina, oxide of iron, gen-
erally united with silica, and carbonic and some other acids. Th0 ma-
jority of these substances are such as necessarily form part of the ti8-
sues of vegetables, and which can be found in their ashes. 
Mineral substances conveyed in water will have an especially great 
importance, when they are such as the irrigated land bad previously 
been almost entirely deficient in, and such a case may occur tolerably 
often. For instance, it has been found that waters issuing from ground 
considered exclusively calcareous hold in solution important quantities 
of silica. On the contrary, I have several times had to remark, in 
. c-~- ... - ...... 
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places where the arable land is almost completely destitute of lime, 
that the water of the springs was highly charged with calcareous salts, 
a fact very easily explained in this case by the existence of immense 
beds of chalk in the subterraneous country traversed by those waters. 
Such waters employed for watering not only furnish the crop with its 
uecessary food, but in the course of time modify the nature of the soil, 
and pro<luce the effect of actual manuring. M. Herve Mangon, who 
has tried many and very interesting experiments with' these waters, 
bas found in every case which he had an opportunity of studying, that 
the infl11x of mineral substances was greater than their consumption 
by the crops. 
Among the mineral substances there are two which are the most val-
uable of all, on account of their necessity to the plants, and of the 
niggardliness with which nature has doled them out to arable lands; 
these two are potash and phosphoric acid. Potash does not occur in 
-man~7 anal;y~es of waters, especially when they are rather old; and as 
for phosphoric acid there is perhaps not one single analysis made up 
to the present day (1874) in which mention is made of it. We should 
not, however, conclude from the foregoing thnt these substances are 
absolutely wanting in the majority of uatural waters. We must re-
member that it is only lately that their importance has been duly appre-
ciated from an agricultural poiut of view, and to take into account also 
the difficulty that is presented by the proportioning of very small quan-
tities of potash, and still more of very small quantities of phosphoric 
acid. These are operations in fact which exact the employment of 
the latest and most delicate processes of chemistry, as well as all the 
skill of an expert analyst. It has been confirmed on several different 
occasions that rain water dissolves by degrees the potash contained in 
granite soils. It is no less certain that these waters attack the phos-
pllate disseminated through many soils, but espeeially abundant in rocks 
of volcanic origin. We can not, therefore, doubt the existence of small 
quantities of phosphoric acid in almost all the waters of spring·s and 
rivers. I would say, to sum up, that all the waters which we geuerally 
can make use of for irrigation contain, in greatly varying proportions, 
all the mineral elements which are necessary to the formation of the 
organs of plants, not excepting even potassium and phosphorus;* and 
that these elements, even when tbe,Y exist in the water in only infinitesimal 
quautities, do not fail, on account of the influx incessantly renewed, to 
constitute a very real and very appreciable agricultural value, of which 
- it is only right to take account. In some cases, according to the nature 
of the water, and that of the land watered with it, one mineral substance 
or another may be introduced into the soil in a quantity more than the 
crop requir.es, and in such cases it is possible to cause a permanent in-
crease in the fertility of the land. But, on the other hand, it may happen 
that certain mineral elements are not brought in by the water in sufficient 
quantities for the production of abundant harvests, in which case it is 
necessary, in order to obtain the greatest possible advantage from irri-
gation. to supply this partial deficiency by the judicious addition of some 
suitably chosen manure or fertilizer. 
Nitrate of ammonia and nitric acid in irrigation waters.-We know that 
nitrogen has such an influence on vegetation, and so great an agricul-
tural value, that it is often admitted that the quantity of nitrogen con-
tained iri. any fertilizing matter suffices in itself to give an approxima-
*Potash is a cnmpouncl of potassium aud oxygen; phosphoric acid is a compound 
of phos.rhorus and oxygen. 
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tion to its agricultural value. Nowadays, also, it is admitted, and on 
very good grounds, that the form of nitrate is one of those which nitro-
gen assumes for the purpose of penetrating along with the sap into all 
Yegetable organismR. We have then in waters, nitrogen in the condi-
tion most easy of assimilation, and in irrigation we ought to take into 
account the fertilizing power of this element, in addition to tbat of other 
mineral substances which we . have already considered. Nitrogen is 
found usually in the form of nitrates. In certain waters it may also be 
fouod in combination with hydrogen under the form of ammonia, and 
that it is just as easily assimilated under this second form.* The waters, 
which contain animal matter in a state of putrescence, are very markedly 
arnmoniacal.t Rain water itself, although the purest of all, contains, at 
Paris, according to M. Barral,t from 1 to 3 milligrammes of ammonia 
per litre, and almost as much nitric acid. The waters suvplied by the 
drainage of cultivated land are very much richer in nitrogen than those 
of springs and r·ivers, as M. Barral was the first to observe. T-dking 
the mean of eighteen analyses of drainage waters, reported on by this 
agricultural chemist,§ we find-
Mean per cubic metre of water: gr. c. gr. c. 
Ammonia.----------.......... 2 00 containing nitrogen •••. •••• •.•. 1 64 
Nitric acid ...•••••••••••••••• 67 00 containing nitrogen ...••••••••• 17 37 
Total nitrogen ...•.••....• 19 01 
which gives for a season's irrigation on one hectare, in the same pro-
portion as already supposed, i.e., 15.552 metres, an equivalent of 73,000 
kilogrammes of stable manure. . 
Gas held in solution by water.-All waters, but especially those of run-
ning streams, absorb air in their prolonged contact with the atmosphere. 
We can prove this easily by raising water to the boiling point, when 
the gases at first held in solution escape with the steam, and can by the 
aid of very simple arrangements be recovered and ;:)Ualyzed. E\ery-
body knows that atmospheric air is a mixture, and not a combination, 
of two gases principally, namely, oxygen and nitrogen, in the propor-
tions approximately of 21 of oxygen to 79 of hydrogen by volume. The 
air contains besides from 4 to 6 millimetres of carbonic acid gas. The 
volume of all the gases which are found thus dissolved in water is vari-
able. Bnt one thing worth remarking is that, oxygen and nitrogen be· 
ing, as I have just stated, uncombined, behave each of them as if it were 
alone, and they act respectively on the water in accordance with their 
several affinities with that fluid, so that it is always found to have ab-
sorlled more oxygen than nitrogen. 
"The acid resulting from a certain combination of nitrogen and oxygen is called 
indifferently nitric or azotic acid. This nitrogen or azote uniting with bases, such 
as lime, potash, soda, etc., produces salts called nitrates or azotates. 
t See, on this point, the interesting table given by M. Bobierre, in p. 61 of his 
"Lecons de chimie agricole." I would remark that this table shows certain q nan-
tities of ammonia in the waters of the Seine and Loire, whilst the table on p. 38 
giveR analyses of these same waters in which ammonia does not occur. vVe must 
apply, in fact, to ammonia what I have already ~aid relative to potash and phos~ 
phoric acid. The search for substances in such very small quantities could only 
form portion of a study undertaken specially for that object. But, besides, it must 
be recognized that but little light ca.n be thrown upon the present question by anal-
yses which have been made merely for an agricultural purpose, and which give only 
those mineral substances of which the greatest abundance exists in solution in the 
samples of water. 
+ Barral, "Recherches Analytiques sur les Eaux Pluviales." 
§ Barral, "Drainage, Irrigation (Liquid Manures), Engrais Liqnides," 2d edition, 
vol. 4, pp. 677 and 680. 
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Let us see what part is played by this gas introduced by water into 
· arable soil. Oxygen should not be considered so much a food for plants 
as one of the principal agencies in those complex phenomena by which 
the sap is prepared in the bosom of the soil. It slowly burns organic 
substances of vegetable or even animal origin which chance to be mixed 
with the earth; it thus transforms little by little insoluble organic mat-
ter into soluble humus capable of assimilation. Besides oxygen keeps, 
and, if necessary, restores sulphur to the form of sulphates, inoffensive 
salts, with the exception of the sulphurets, and notably of sulphurets 
of hydrogen, which are frequent.ly produced by putrefactive decompo-
sition, and which are poison to plants. Finally this same gas (oxygen), 
the principal cause of life, in company with any calcareous or alkaline 
substances, causes the nitrogen contained in the soil to pass little by 
little into the condition of nitrates, and these nitrates are known to be 
the richest and most essential food for all cultivated vegetables. 
As for nitrogen, which is also introduced into soils by the agency of 
water, we do not as yet possess any experience sufficient to establish 
in a very decided manner what is its action in connection with crops. 
And we can only base our conjectures on reasoning. Mus.t this nitro-
gen escape finally into the atmosphere' This appears reasonable 
enough for that portion combined with the water which may be evapo-
rated from the surface of a soil under the combined action of the sun-
shine and wind. But this is only a small part of the water of waterings; 
and independently of that which sometimes penetrates the land to great 
depths, we have seen that there is another portion which is restored to 
the atmosphere by the transpiration of plants, after traversing their 
organs with the flow of the sap. But vegetables we know do not exhale 
nitrogen; there is, therefore, good grounds for believing that the por-
tion of nitrogen in the water of transpiration, of which I now treat, 
must become fixed, either by the soil just before the water penetrates 
into plants by their roots, or it 'may be by the plants themselves while 
the water is flowing through them. In the first case there is no im-
possibility in this that under the action of oxygen, and of the alkaline 
substances which are also contained in the water, nitrification of the 
nitrogen had taken place previous to its R-bsorption by the plants. 
This would be all the more likely, as a gas held in solution by water is 
in a state of true liquefaction, and its atoms are infinitely more con-
densed than in the gaseous state, which singularly increases the energy 
of its physical forces. Who has not remarked, for instance, that the 
oxygen of the air, which is completely inactive, in its dry state, on iron 
and the majority of metals, oxidizes them at once by the intervention 
of water~ Is it not to be admitted that, by an effect of the same kind, 
nitrogen ordinarily inert becomes much more apt to react chemically 
when it is in solution~ 
The ilreceding arguments may perhaps be rendered more clear by 
applying them to a case in point. I take the first of the remarkable 
experiments by M. H. Mangon on irrigation waters. He watched the 
irrigation of a :field during an entire season. When each watering was 
given, he measured exactly the quantity of water let in on the field, 
as also that which drained off without being absorbed. He drew up 
an exact account, by means of numerou~ analyses, of the water which 
was allowed to flow on the field and of that which came from it. He 
weighed and analyzed the manures put on the field. He also weighed 
and analyzed the crop of fodder harvested. The results of this long 
and patient research is summed up, as far as nitrogen is concerned, in 
the following table, in which all the quantities are reduced to a surface 
of one hectare: 
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Kilos. 
Nitrogen borne along by irrigation water in the form of ammonia ::>r nitric 
acid ..•..•.•............. ~ . . . . . . . • • • . . . . . . . • • . . • • • . . . . . • . . . . . • • . . . . . . . . . 23. 44 2 
Nitrogen in manuring ..•••..••••••••••••..•••.•••••••••••••.•••..•.•...... 1:!1. b~4 
145.:326 
Nitrogen in the hay crop ...•...•••••.•.••....•••••••••..•••...•.......•... 184.345 
From which take..... • • . . • • . • . . • • • . • • • • . . • . . • • • • • . • • • • • . • • • • . . . . . . . . . . • . . 145. 3~6 
Difference . . . . • • • • . . . . . . . . . . . . • . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . • 39. 019 
I would first remark, cursorily, that the amount of nitrogen supplied 
by manuring can be known approximately only. In fact a mauuring is 
not used up during the exact time that the crop takes to ripen. If we 
take the above tigures to represent the amount of nitrogen furnished 
to the crop by manuring, we must take for granted that the remains of 
former manuriugs exactly balance the unconsumed portions of the last 
dressing at the time of the removal of the crop, which doubtless is not 
always the case. Still this remark, whicll bears only on the absolute 
value of one figure, has no special importance as regards the general 
conclusions to be drawn fr·om the experiment we are now .considering. 
There is then in the fodder something like 39 kilogrammes of nitro-
gen, which comes neither from the manure nor from the saline matter 
supplied by the water. I might say that there ought to be even more 
than 39 kilogrammes, as the manure (another fact of which an analysis 
can take no account) must lose more or less nitrogen, either by being 
carried away into the subsoil or by passing off into the atmosphere. Now 
this nitrogen can only come from the atmosphere, from which it passes 
into the plant after undergoing an unknown series of transformations. 
In any case, is it not in the highest degree probable that it is rather to 
the nitrogen existing in the soil in a state of solution that the roots 
have borrowed the amount in question 1 I will not assert that all the 
nitrogen in solution in irrigation water bas been of service to the crop, 
for this nitrogen, in the present case, amounts to no less than 200 kilo-
grammes, which is evidently much more of that gas than tbe crop con-
tains. But it remains no less probable, in my opinion, that the presence 
of this liquefied nitrogen in the substance of the soil is one of the neces-
sary conditions of the nitrification, or some other similar reaction by 
which the nitrogen of the crop is made up. Thus, although it may be 
impossible to assign an exact value to this nitrogen in solution in the 
water, it is yet no less proper to take account of it in computing the 
value of irrigation water. 
~.,inally, before quitting this subject, we should note that 1\f. H. 
Mangon has repeated experiments of the same kind on several pieces 
of land containiug crops of different sorts, and that all the results 
tended to exactly the same conclusions. 
Water holds in solution not merely oxygen and nitrogen, but also 
contains carbonic acid in variable proportions. It must be fully 
acknowledged that the few thousandths of carbonfc acid which are dis-
seminated in the atmosphere would hardly suffice to account for large 
quantities of this gas in the waters. In fact, carbonic acid emanates, 
so to say, from all parts of the depths of the earth; it is the constant 
and most abundant product of volcanos, and it is given out from the 
majority of very deep excavations. It is then in its pttssage across 
certain fissures in the soil that rain water becomes more particularly 
charged with the gas we are now treating of. The subterranean cav-
erns in which this passage takes place sometimes form an arrangement 
something like a reversed syphon; the ·water flowing in by the longer 
S. Ex. 53--18 
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leg, issues by the shorter one. If the part which corresponds to the 
bend of the syphon is of "ery great depth, the pressure exercised in 
that part by the colum11 of water is singularly favorable to tile solution 
of the gas, and the watt:T might then come to the surface, containing 
in a condensed form many times its own volume of carbonic acid; 
this latter lias a tendency to escape as soon as it has no longer to bear 
the pressure iu excess of that of the atmosphere, and in such a case 
we have a spring of rerated water. 
Some otuer causes, as yet but imperfectly studied, doubtless contrib-
ute to augment the proportion of carbonic acid in water. 
lVI. H. Mangon, in his analysis of irrigation water which bad flowed 
in a thin sheet over the surface of a meadow, found it invariably more 
charged with carbonic acid than it bad been before passing over the 
meadow.* Will it not be by means of a similar phenomenon, wllich 
occurs during heavy rains on the surface of each field, that river water 
is much more highly charged with carbonic acid gas at the growing 
season than it is when the crops are ripe and dryH 
VVhate\Ter there may be ill these phenomena, the explanation Of Which 
bas drawn me a little away from my subject, carbonic acid plays an 
important part and a very special one in the phenomena which afl'ect 
Yegetation. It is by its as_sistance that water attacks solid rock, sand, 
an<l nlay, ancl that it derives from t,hese inert matters the elements 
which the plants can assimilate. Water charged with carbonic acid as 
it sinks into the earth carries with it therefore an instrument which 
can disengage such rare substances as potash and phosphoric acid, 
which perhaps but for it would not be found iu sufficient quantity either 
in the water itself or in the manure. 
It has bp,en objected that carbonic acid is formed in sufficient quan-
tity in the soil, by virtue of the slow combustion of organic matter by 
oxygen, as I have· mentioned already. This objection, which might 
l1ave some foundation as regards soils very rich in humus, falls to the 
ground of itself when it is a question of those hungry soils which con-
tain hardly any organic matter; and I regard it as likely that :flowing 
in with (arrosage) water is useful in the majority of cases. 
Solid matter in suspension in water.-It now remains for us to examine 
the waters from a last point of view, as to the very minutely divided 
particles of solid bodies which they contain and carry with them in their 
courses. The quantity of matter thus borne along is extremely variable. 
In the impetuous torrents which descend from mountains their propor-
tions may become enormous, and so to say unlimited.t But the bowl-
ders, gravel, and sand become deposited successively according to the 
diminution of the swiftness of the current; and in the gentler rivers 
which :flow through the valleys below there are only at most some im-
palpable matter which affects more or less the transparence of the water. 
1 t is only this latter which will settle in the form of mud on the irrigated 
soil with which we are here concerned. In the same river, and at a 
given point.,. the quantity of mud varies incessantly; it increases during 
floods and diminishes when the water is low. 
As for their composition, the muds deposited by rivers are mixtures 
of impalpable sand, clay, and carbonate of lime, of divers otl.ler miner-
... M. Hern~ Mangon "Experiences sur l'emplai des eaux dans les irrigations," p. bl. 
See also the tables on pages 78, S::l, 100, 108, and 118. 
t Bobierre's "Lecons de chiwie agricole,'' p. 56. 
t The torrents from the lofty portion.s of the Alps sometimes diluw crumbling earth 
to such an extent that it no longer forms anything but mud; and incidents have been 
observed of currents of apparently fluid matter, which contained in reality less water 
tha,n it did of earthy substances, 
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als reduced to the last stage of subdivision, and finally organic matter, 
almost always nitrogenous. The exact proportions of these difl'erent · 
substances are so variable in different water courses, and even from 
day to day in the same river, that any examples of analyses I might 
transcribe here would be, I think, of but little use to irrigators. VV hat 
there is which can be depended upon is that these muds are ~oincident 
with the most fertile lands. and include almost all the mineral or other 
elep1ents which can be useful to vegetation. 
Nitrogen conta.inedin muds.-The mud held in suspension in irrigation 
waters and depo~ited by them on the surface of the soil after each 
watering can not in any case fail to increase the fertility of the soil. 
One element especially above all others merits our particular attention. 
That is nitrogen. 
If we remember, in fact, that the dunghill, taken as a type, contains 
0.004 of its weight in nitrogen, we will perceive that there are rivers 
whose poorest muds are as rich in nitrogen as dunghill manure, and 
ought to be considered as true manures. The muds of .Alpine rivers 
are less rich in nitrogen than those of the other rivers I have just quoted; 
and yet the total quantity of nitrogen provided for the land by there-
peated application of these muds are still important even in the case 
of the latter rivers, and evidently in all cases add themselves to the 
nitrogen which we have already found in the substances contained in 
the water in a dissolved condition. 
Special uses of muddy sediments.-The mud deposited in successive 
layers by the impure waters that are let in frequently on the same piece 
of land may pretty soon attain a very considerable thickness, especially 
if the water is abundantly used. Thus a layer of fertile mud can be 
obtained, which will serve to fertilize a soil too barren by itself, such, I 
for example, as a soil altogether sandy. One can even g-o further and 
:flood a piece of land with muddy water diverted from a swollen river; 
let this water :flow off when it has deposited its sediment, and then re-
peat the operation a great many times. One would in this way, bit by 
bit, create a true agricultural soil of the very greatest richness, whilst 
raising a piece of land that was too low, and thus transforming, for 
instance, a swamp or a place lialJle to :flooding at any moment into a 
field infinitely better adapted for agriculture. 
Double manner of action of -water.-To . sum up all the preceding, I 
would mention that irrigation has two sorts of efi'ects, very distinct, al-
though equally important. The first is to supply to the soil the water 
which the rainfall has not distributed over it in sufficient quantity. 
Secondly, to deposit in the soil the fertilizing elements which water con-
tains in abundance, and which following the courses of the streams and 
rivers would naturally flow to waste itself in the sea. 
Irrigation in summer and irrigation in -winter-Irrigation of fa.rm 
lands and irrigation of meado-ws.-The two advantages which I have 
just related can, in many cases, be obtained together. But it more fre-
quently happens that, on account of the circumstances in which the 
farmer is placed, one of the two modes of action is more particularly 
profited by. It must also be noted that, in one of the cases, it is only 
necessary to use the water during the dry season; whilst, in the other, 
irrigation may be successfully practiced at all seasons of the year. We 
- can therefore separate summer and winter irrigation-the first intended 
principally to supply water to vegetable production; the second having 
for its object and almost sole result the utilization of water at the time 
of its greatest abundance, and the fertilization of the soil by means of 
it. But the practical methods adopted in irrigation depend principally 
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on the position of the places and the state of the surface of the soil 
which it is proposed to water. In order to explain what follows I shall 
have to lay down two great divisions, one comprising the irrigation of 
arable land, the other thl3 irrigation of permanent meadows. 
Independently of oruinary case, and of waterings properly so called, 
there are many ~pecial operations in which irrigation may be profitably 
employed, notably in the reclaiming of poor land by the mud dressing; 
tile raising, generally called colmatage,* of lands too low-l~'ing, and 
subject to he flooded (two operations which I have already meutioned); 
the removing of the salt from lands rendered unfertile by the abun-
dance of sea salt; the economical transport and spreading on the surface 
of the soil of liquid manures and many other fertilizing substances; the 
moistening of fields in order to facilitate plowing or agricultural work, 
which, without this plan, could not be executed at the proper time, ou 
account of the hardness acquired by the soil under the influenee of 
drought. 
All these different operations shall be described in turn in the follow-
ing chapters. 
Importance of the results of irr:igation.-I can · not close this chapter 
without again insisting on the importance which irrigation proper and 
colmotage might acquire if they became in general use and were ap-
plied on a grand scale. How shall I avoid relating, for the story is an 
old worn-out one, that the valley of the Nile in Egypt owes its inex-
haustible fertility for so many ages solely to the periodical O\'erflows of 
its river, laden with mud. of which, moreover, the advantages have been 
lately considerably extended by the aid of a vast system of canals and 
reservoirs constructed by the hand of man¥ Shall! quote the cle,·er 
comparison made by an illustrious English geologist, Lyell, who, on the 
basis of the experiments b,y Everest on the water of the Gauges, calcu-
lated that that river bore annually to the Indian Ocean a quantity of 
mud of extraordjnary fertility, of which the weight would be equal to 
8ixty times that of the greatest pyramid of Egypt~ t 
Witlwnt seeking so far from us for other examples, I will finisli by 
quoting some eloquent passage8 which I have taken word for word from 
the fine work by M. Herve Mangon, from whom I have already quoted, 
anu from whom I shall still have to quote more than once: 
The mud which rivers bear away ·to the sea is stolen from cultivated, or at least 
from the bared surface of the conntry, and agriculture, in not putting a stop to it, 
abandons a most precious portion of her capitai, and permits a part of her domains to 
escape her; in the second case she suffers a loss of profit, and abandons the victory 
which nature so generously places at her disposal. 
The Durance transports, every year, 11,000,000 cubic tpetros of mud, containing as 
much available nitrogen as 100,000 tons of excellent guano, as much carbon as could 
ue supplied by a forest of 49,000 hectares in extent. The Durance is, of all our riv-
ers, the one whose waters are most utilized, and yet agrieulture profits by only one-
tenth part of its mud. 
The weight of the mud carried by the Var during one year would form a mass of 
12,2:.!2, 000 cuiJic metres, which would suffice for the raising ( colmotage) of more than 
6,000 hectart~s, b;v a thickness of 20 centimetres. · . 
A small canal fed by diverting water from tlle Var, and carrying only one cubic 
metre of water per second, and suitably designed, is able to raise ( colmoter) per an-
num to a thickness averaging from f10 to 60 centimetres, a dozen hectares of IJarren 
* C'olmotage.-This plan for raising low lands was ~mployed in Italy before it was 
in France. It is a very long tillle ago since it was pnt in practice on a great scale on 
the banks of the Po, the Arno, and other rivers. The Itdlians called this operation 
"una colo ata," literally a "heaping." M. Nadatdt de Buffon has derived from that 
the new word "colmatage." 
t The great pyramid is 146 metres high; that is 4 metres higher than Strasburg 
steeple, or three times the height of the column of the Place Vendorue. 
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land, and in consequence to create an annual value of 30,000 or 40,000 francs (£1,200 
or £1,600). · 
The Var sweeps away with it to the sea every year 2~,000 to 23,000 tons of ni-
troo-en. . 
If we add the weight of the soluble substances to the weight of the mud carried 
away ;. '* * " we will perceive that the Seine at Paris draws off under our eyes, 
and without our noticing it, so to speak, 2,117,984 tons of solid matter, very nearly 
equal to that of the total quantity of merchandise borne on the river to Paris. 
Every 200,000 cubic metres of water thoroughly used in irrigation, says the same 
an thor elsewhere, would vrodnce in alimentary products as much as wonlfl equal 
the value of an ox fit for the shambles. Thus the water of the Seine, wasted with-
out having servea for watering land, casts in to the sea one head of fat cattle every 
two minutes, or 720 head in ~4 hours, or 260,800 head Df cattle in the year . 
Result of Letheby's analyses of the water of the Nile dU1·ing a yeat· (fm· 1874-'75), giving 
the constituents per million parts. 
oO I ~ ~ ~ ~ I ~. ~~-· I cQ ;i ~ I .ci .....; I ;i~ 
§ = ~ ~ w ~.... .. - ~ .... ~ ~ bb "" ""o. l>o ~ .ciA ~~ 'E ~~ 
~ ~ ~ w. ~~___::____2__~--~~ 
Dissolved matter: I 
Lime . ............... 41.67 39.92 44.22 42.60 23.09 43.04 42.64 44.6& 40.57 46.31 47.63 51.78 
Magnesia . .......... . 16.23
1
51.13 10.30 6.17 4.83 11.32 9.26 10. 29 8.74 9.77 8.23 10. 29 
Sou a................. 12. Olj 7. 44 5. 87 3. 01 5. 04 3. 18 3. 69 3. 47 3 07 8. 94 8. 30 13. 01 
Potassa .............. 24. 75 10.62 5. 01 41.20 23.48 13.29 10.02 8. 31 9. 34 7. 28 6. 09 4. 04 
Cb loline............. 16. 43 8. 51 6. 28 2. 09 4. 91 2. 07 2. 70 2. 42 2. 81 6.13 9. 16 17. 37 
Sulphuric acid....... 28. os! 28. 38 18.37 19.96 19.08 19.11 17. 64 i.9. 61) 18 13 22.63 20.09 29. 31 
Pbosphonc acid ..... trace.ltrace. trace. trace. trace. trace. trace. trace. trace. trace. tt ace tracP. 
Nitric acid . ........... do . .. do ... do ..... do ... do . .. do ... do ... do ... do . .. do .. do ... <1o . 
Silica, alumina, anu 
oxide of iron ...... 7. 01 7. 13 11. 29 12. 57 18. 43 9. 86 8.19 8. 57 7. 29 12. 71 7. 14 6. 71 
Organic matter . . . . . . 15. 00,10. 57 11. 86 19. 29 2!. 14 13. 43 9. 20 12. 86 15. 86 20. 81l 25. 86 31. 29 
Carbonic acid, and 
loss ............... 41. 82,36. Hr ~ 47.54 _:5. 57 34.27 3~. 74 34.51 41.20 46.51 49.36 40.91 
Saline::::~:<~::~~ : 2:~~:~ 1:~~:: 1:~ 1:~~:~ 8:~~~: 1:~~:: 1 1:~~:: 1:~~:~ 1:~~:~ ~~~:: 1:~~~~ ~:~~~~ Albuminoiu ammonia 0. 114 0. 100 0. 071 0. 171 0. 143 O. 114 0.108 0. 143 0. 116 0. 086 0. 107 0. 118 
Suspf\nuedmatter: ======_ 1==1== == 
Mineral.............. 60. 86 87. 29 1, 307.43 483.43 332.14 306. 86,269. 71 148. 99.114. 80 46.29 61. 14 38. 29 
Organic .............. I 8. 29 91.141184.14 59.14145. 80 30. 80119.43 19. 14!10. 86 6. 861 5.14 9. 43 
· Total solids .... 69.15/i78.431.491.57 54'2.57 378. oo[34;72 289.14 167.431125.72 -53.15 fi6.28 ~ 
The remarks of Dr. Lethe by on his own results are: 
(1) That the dissolved matters increase gradually from December to June, and 
uiminish from June to September, excepting in ·September. 
(2) That the azotose matters are very large compared with those of European 
rivers. 
(3) The snlphates and carbonates and chlorides of lime and magnesia and soda are 
not in excess; thus the water is well suited to domestic purpo~;es. 
(4) The carbonates and silicates of potash are large in amount, especially in June, 
September, and October, when the soluble constituents have most fertilizing quali-
ties. 
As to the slime or suspended matters-
(1) The suspended matters are the chiefly fertilizing ingredients in Nile water. 
These are most abundant in August and September. 
(2) The potash and phosphoric acid of the slime constitute the manurial value; 
and these are in greater proportion in the samples of August and September. 
(3) The high floods from August to October hence supply the qualities most valu-
able in. irrigation. 
The following results of analyses of well waters from the valley of 
the .:~ile show large proportions of sulphates and carbonates of li111e and 
magnesia, also of alkaline chlorides. They have very little fertilizing 
quality, and are unsnitea for domestic use. They hence contrast mark-
edly with Nile water: 
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Constituents of water j1·om Egyptian wells in 1874, per million parts. 
Steine<l 
Brombel, Umfast, WellatShu-
June 28. June 17. brawent, 
Augusts. 
Disso~ved matter: . 
L1me . ...... ...... ...... ....•• .................... ...... ...... 145.93 166. 81 183. 94, 
Magnesia................ . .. . . . .. . • . . . .. . . . .. . . . . . . . .. .. . . . . • . 28. 15 ::!8. 67 79.11 
:Soda............... . .......................................... 87.27 51. 32 107. 51 
Potassa. ............................... . ...................... 3. 48 1. 99 6. 57 
Chlorine .......................................... . ....... ~... 72.86 8l. 16 254.. 06 
Sulphuric achl...... ............ ...•.. ...... ...... ...... ...... 86.73 39.20 51.94 
Phosphoric acid ................................... , ..................... . ....... . ............. . . . 
Nitric acid . ...... .... . . ...... ...... ...... .......... .......... 1. 69 1. 87 1. 4fi 
Silica, alumina, and oxide of iron............ . ................. 17. 28 18.01 18.83 
Organic matter . ...... . . .. . . . .. • .. . .. • • . . • .. .. . . .. .. .. . . . . • • • . 4. 29 6.14 7. 57 
Cat bolic acid, and loss....................................... . 123. 61 135. 40 138. 88 
Total solids . ............................................... . 571.29 530.57 84.9. 86 
===== =____:_ ========= 
Saline ammonia . ........••••..•...•..•••..•.•.••••••••••••.•.•..•. 
Albuminoid ammonia ................................ . .......... . 
Suspended matter: 
Mineral. ................................................. . ... . 
Organic ...................................................... . 
















NoTE.-Mr. Butler, civil engineer on the staff of the Egyptian irrigation service, 
having carried forward a series of careful experiments and observations, computes 
that the movement through the sand stratum of seepage from the Nile direct and 
at right angles from the river channel is at the rate of 1 mile per each 7 dayM. 
IRRIGATION IN FRANCE, ITALY, AND SPAIN. 
Italian, French, and Spanish experience all tend in one direction. 
The intere~t embraced by irrigation works and enterprises are so varied 
and bound up with the public welfare that State control seems to be 
iwperatively necessary. For the protection of their citizens at least it 
is considered that no monopoly can be permitted which would separate 
property in water from property in the land to which it is to he applied. 
A general control by the State from a central administration is the 
essential rule, yet the business managemeut and distribution of the 
water is considered as better placed under local authority. This is 
more efficient in its supervision and more economical in its administra-
tion. The establishment of a comprehensive system of irrigation by 
private enterprise, in the countries named, is deemed possible only 
under unusual conditions. · 
The capital required is large; the returns therein are not rapid enough; 
and yet benefits secured by the fuller occupation and utilization of con-
siderable areas are so diffused tha,t the State must and does reap those 
benefits in unnumbered ways. These considerations justify the assum-
ing such large responsibilities. Such carefully matured schemes, as for 
example, in Italy and Egypt, insure an enormous agricultural produc-
tion and the stable prosperity of a large number of producers. It may 
safely be asserted, then, that irrigation is one of the soundest collective 
or State investments,-where engineering ability executes works which 
are afterwards taken over under local control. They must be guided by 
wise codes of water laws and regulations. The land whose· production 
is thus enhanced remains charged, of course, with the interest upon the 
capital expended in supplying it, and also with the final payment of the 
debt incurred for its permanent reclamation. 
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The \Vater supply in Italy is much larger than those portions of our 
own domain in which, without irrigation, agriculture remains practi-
cally impossible. In the south of France, where desiccating or hot 
winds like our own prevail at certain seasons, the evaporation is so 
much increased that the duty is appreciably lessened. But that steady 
extension of the area commanded by a given stream of water, which is 
one of the marked results of American irrigation, appears to be almost 
unknown in Europe; on the contrary, the area of service appears to 
be ~tationary year after year. The remarkable degree of economy 
reached by our California horticulturists is without precedent elsewhere 
in tbe world. "An acre of meadow, of beans, or of potatoes in France 
takes half as much again in a fortnight as an acre of olives requires in 
a year," says Alfred Deakin; "so that, as the irrigating season for the 
former lasts 6 months, the grass or beans consume about eighteen 
times as much water as the more valuable crops. Yet the deduction is 
not drawn that they should avoid such thirsty crops1 or at ]east encour-
age those which are profitable with little water." 
Our own rainfall, beyond the one hundredth meridian of we8t longi-
tude, is very much less when compared with Piedmont, 38 inches in 
Lombardy, and 32 inches in Bouches-du-Rhone. It is much less also 
iu the irrigating season, when Piedmont receives 28 inches, Lombardy 
22 inches, and Bouches-du-Rhone 13~ inches. Our own precipitation 
for the same period will ran,g-e from 12 down to but 2 inches of rainfall. 
Direct precipitation is, however, a secondary consideration, when the 
supply from other sources remains sufficient. The finest irrigation in 
Spain is in Valencia, which has a fall of only 4.6 inches in the hottest 
half of the ;year, and yet has over 100,000 acres watered and splendidly 
fertile. In our own country much rain is regarded by some irrigators 
as a disturbing element. One fact remains clear in all lands, and that 
is that the more water there is available the more it is used;. Most of 
the best results are obtained, however, with moderate quantities. 
The agricultural opulence, commercial stability, and successful indus-
trial enterprise of the people of northern Italy are chiefly due to tho 
irrigation system which they built up and maintained under economic 
::md other conditions of the most adverse order. "A town of 20,000 
peoplP, in the irrigated Milanese, has more appearance of prosperity 
than a town of 50,000 people in France," says M. Herison, according 
to whose calculation irrigation has added $330,000,000 to the national 
wealth of that country. It has proved also a steady stream of indirect 
national revenue. Taxation upon the land itself amounts to between 
25 and 30 per cent. of the rent, while the tenant farmer pays, in addi-
tion, something like 13 per cent. of his earnings, calculated at one-fifth 
of his gross receipts, and certain of his products ar:_e t.axed as well. 
The great strides which Italian manufactures and, Italian commerce 
have made during the last 15 years are largely tributary to the regu-
lar returns produced by its irrigated agriculture. The southern prov-
inces of France have of recent years suffered terrible reverses. The 
yield of wine in Vaucluse fell 11,000,000 gallons in the 10 years from 
1865 to 1876 owing to the phylloxera, while the loss owing to the dis-
placement of madder by aniline colors derived from tar was reckoned 
in the same province at $5,000,000 a year. 
What has helped to sustain French agriculture under such shocks 
has been irrigation. "Though population bas remained stationary," 
says Mr. Deakin, in his Royal Commission Report of 1887, "numbers 
have moved to the districts in which irrigation is practiced. The area 
of cultivation has had a parallel change. Its gross increase bas been 
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trifling, but, nevertheless, there has been a large addition to the arti· 
ficially watered portion. 'fhe courage and resources of the population 
have been equal to their trial, and, in spite of its severity, they appear 
to have overcome it. It is a significant fact that, in spite of Asiatic 
and American competition, irrigated fields are being multiplied both iu 
France and in Italy. No land once watered has returned to dry farm-
ing, no canal bas been closed, and no waters have been suffered to run 
to waste. Wherever irrigation has been introduced it has been main-
tained; ancl though conditions have altered and products have varied, 
it has steadily increased its area and the capital invested in it, the 
produce raised by it, and the numbers of those engaged upon it and 
supported by its means." 
DISTRIBUTION OF WATER FOR SUMMER IRRIGATION FROM APRIL TO SEPTEMBER . ., 
ART. 1. For the year 1H77 and following years to all 1883, the normal price of a 
continuous supply during the summer period is fixed at £92 per Italian modulo (23 
gallons per second). 
ART 2. The above price, for a determined quantity, and for a term not larger than 
the above-mentioned one, may be reduced by the administration to £60 in favor of 
those companies who had in the preceding years a "trattamento di favor " (lit. 
"agreement of favor") in view of the pecuniary aid lent for the construction of trib-
utary or sub-tributary canals or for the expenses incurred for the construction of 
secondary basins. 
AH·1'. 3. A rebate of 20 per cent is allowed on the normal price of continuous water 
which is tlmployed for the first time, or for the two following years, for the summer 
irrigation of land not yet irrigated. 
ART. 4. 'rhe contracts for concessions, conformably with the two preceding arti· 
cles, must be S(jipulated by joint agreement. 
ART. 5. When special circumstances demand it, there may be aumitted in favor 
of n.n irrigating company or of several clients united in cooperation, even for a 
single season, the alternate supply of several offtakes of a determined course of con-
tin nons water, or of part of same, subject to the following rules: 
(a) The collective demand must remain unaltered and continual. 
(b) The molle of division of the whole body of water among the various offtakes, 
the duration of the distributing turn, and the "erario" of such month must be ue-
clared in the reqnisition for water, and remnin unaltered during the whole season. 
(c) Por such mouth, when the alteration takes place, the demand must not be less 
that a tenth of au Italian modulo (modulo=one-tenth of cubic metre). 
(d) The recipient must defray the expenses of extra watching reqnired for the 
turn, which would equal an increase of 5 per cent on the normal p1:ice of the water. 
ART. 6. Distributions "a bocca libera" (by free mt>nth) are admissable only 
under certain conditions of elevation or position of depth of soil, to be estimated by 
the administration, when, however, the drainage and resid.ue waters fall naturally 
or are artificially conducted in favor of the Government. 
For such irrigat.iou tbe equivalents remain fixed as follows: 
£. 8. d. 
Rice fields per hectare . • . • . . . • . • . . . . . • . • • • • • . . • • . . . . 4 0 0 
Meadowlanclperhectare ---··---·--····-·······---· 2 8 0 
Turkey corn per each :flooding ...•.....•...•.......• 0 12 6 
These distributions can only he granted when the supply of water in the canals ex-
ceeds the requirements for the regular service. 
DISPENSION OF WATER FOR THE WINTER SEASON (FROM OCTOBER TO FJ<JBRUARY). 
For each Italian modulo of continual water during the winter season, for uses lim· 
Hed to irrigation, the price is fixed at £7 5s. 
Recipients of '''ater are allowed, without extra charge, to make use of winter 
water for the forming of ice for their own use. 
The concessions to nonusers of winter water for making ice will be granted by the 
administration at a charge of Ss. 4d. for each area. 
The daily (ext.ra) distributions will only be granted when there is water at dis-
posal in the canals, after satisfying the continuo,ls distribtltion, both of regular serv-
ice and that "a bocca libera" (by free mouth). 
'l'he price for each modnlo in su0b cases will be 33s. per day. 
"Rules anrl regulations h. vogue in Italy at dates named. No material changes 
have been adopted. 
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CONCESSIONS OF WATER BY MOTIVE POWER FOR RURAL USE. 
ART. 9. For each horse-power of motive power developed from water in the canals 
in the summer season as well as in the winter, the recipient will be charged4s. 2d. per 
mouth, on the conditiOn also that the water is restored in full at useful points for 
fresh distributions, each fraction of a month being charged as a whole mouth. 
After August 20, and for the whole winter season, the water used by motive power 
for agricultural purposes will be granted without making the restitution obligatory, 
provided always there is snfficient at disposal, and that the recipient is in a position 
to show that it is discharged into water courses whence no one can derive profit, and 
he is responsil>le for any damages. 
ART. 10. General conditions.-'l'he year for concessions of water begins with April 
1 and terminates with March :n of the following year, and is divided into two sea-
sous-the summer from April 1 to all September, and the winter from October 1 to 
all February. The month of March is devoted to spring cleansing. 
ART. 11. The concessions stated in the present tariff can only have effect within the 
term to which the tariff is limited. 
When there is a question of concessions of a longer duration by motive power for 
industrial purposes, the settlement is reserved for the decision of the minister of 
finances. The demand for concessions, aceording to terms of the tariff, must, con-
formably with the copy which will be distributed, be made out on paper stamped 
with 50 centimes (5d.) and directed to the central office of the canals utuing all 
Jan tary for continual distribution of summer water, and during all August for that 
of wiuter water, and for casual demands according as it is wanted. 
Late demands for continual water will be placed secondary to tlJose sent in due 
time . . No demand will be recognized for less than a tenth of an Italian modula (10 
litres per second. 
ART. 13. In applying for water "a bocca libera," the applicant must imlicate the 
region at which tho area to be irrigated is situaterl, and the st1perficial extent. 
When the declared area is more than a tenth less tban the area irrigated, tho ap-
plicant is subject to the expense of measuring the water, and must pay double the 
charge fixed in III. for the extra area irrigated. 
AuT. 14. Concessions are made by dupiicate receipt forms torn off the original, 
which latter, signed by the applicant, is held as a bond for the observance of the reg-
ulations as per present tariff. 'rhe expenses for stamping and registration are charge-
able to the applicant. 
ART. J5. New dispensations of water will not be made otherwise than by means of 
fixed works of derivation. 
Such works must be constructed and maintained by the party using the water, 
according to directions and under the surveillance 'of the official a.geu ts, in w bose 
keeping must remain the keys of the "mocle1latori" when the water is flowing. 
Tbe expense and ca.1·e of deriving and transferring to its destination water granted 
at the banks of the canals must be borne by the applicant. 
ART. 16 .. With. the concessions named in the present tariff the administration does 
not contract toward the pa•ties applying other obligation than that of distributing 
among them the water at disposal in the canals, after satisfying all prior engagement;J. 
But at their expense lie the consequences of scarcity, also of interruptions iu the 
distribution, only in case of contiuued total interruption for over 15 days, exclusive 
of any other indemnity. (Recipient gets back a pro rata sum for any period of in-
terruption over 15 days.) 
ART. 17. In cases of prolonged scarcity, the admiuistration may, without incurring 
responsibility of any kind, close alternately the distdbuting months to unite the 
water at disposal, so as to grant it in rotation to the various applicants, but must 
restore the ordinary service immediately the capacity of tbe canal permits. 
Al~T. 18. The administration reserves to itself the right of refusing any applicant 
where hurtful filtrations are to be feared, and wherever questions of indemnity 
might be involved, unless the applicant formally holds himself responsible, and 
holds the administration harmless of whatsoever iujnry. 
ART. 19. The administration reserves the right of disposing of any residue water 
abandoned by the recipient, to collect and utili:~~e same for themselves or in favor of 
third parties. 
ART. 20. The charge for summer water must be paid in. two equal installments, 
October 15 and December 15 of the same year in which .the relative distribution 
takes place. · 
The charge for winter water must be paid in full on December 15. 
Motive power and extra demands must be paid for in advauce for the period de-
clared. 
ART. 21. The above rule (20) is final, and constitutes a debtor de facto, without 
necessitating notice, intimation, or equivalcllt act. If not paid within 10 days 
after fixed perious, the debtor i~ liable to a fine of 4 centesimi (5 centesimi=id.) for 
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every lira (lOd.) not "p.aid, in excess of amount owing. If an extr!t 5 days elapse 
after the 10 days overdne, from the sixteenth day, interest on the principal and fine 
added will be charged at 6 per cent, bes1des contingent expenses, in terms of the law. 
ART. 22. Besides price of water. fines and contingent expenses, 1 per cent for costs 
of recovery is chargeable jointly with the auove. 
ART. 23. The administration reserves the right of refusing, the year following, any 
dispensation of water for irrigating lands whose holders have been tardy in paying 
for the previous year's dispensation. 
ART. ~4. The regulations of article 5 of tariff, March 23, 1872, remain in force till 
the expiration of the present quinquennium in favor of those using the Casalese Canal, 
inasmuch as they are in enjoyment of privileges accorded them in observance of fourth 
agreement of the convention, May 4, 1872, with the municipality of Casale Mon-
ferrato. 
AnTs. 2G, 26. Regulations of March 2~, 1861, remain in force in respect of distribu-
tion of water from Salterana and Gamana tributaries, and their subtributaries in 
Lowellina. 
ART. 27. All works of derivation must be constructed and maintained at the expense 
of recipients, under the direct surve11lance of official agents, who keep possession of 
the keys of the "ruodellatori" when the water is flowing. 
TILLAGE AND PRODUCTS OF THE SOIL ON IRRIGATED LANDS.~ 
INTRODUCTION. 
Methods of ir1·igation.-There are many methods of irrigation. The 
various conditions of water supply, climate, ntH.lerstrata, character of 
soil, drainage, surface formation, chemical properties of earth and 
water, and the crops desired to be grown, have all to be considered in 
the application of the water to the lauu. 
The experienced irrigationist understands the word irrigation to mean 
not only to wet or flood the laud, but rather to run the water by soakage 
into the soil, and by close culture of the surface to retain it there as long 
as the nature of the soil will permit. • • 
Where the soil is sufficiently porous to allow the water to sink quickly, 
the lanrl can be flooued bt>tweeu the tree rows, and a furrow on eacll 
Ride will enable the irrigator to control the fluid. In California and 
Mexico the land is sometimes ridged into squares and the water allowed 
to fill one square, and then given au outlet to another, and so on, until 
the section requiring moisture is Irrigated. • 
Another plan is the basin system, where basins are made around eaeu 
tree and the water allowed to run until each circle is filled. This sys-
tem bas many disadvantages, and frequently causes diseases to tlw 
tree and the hardening or baking of the soil about the roots. 
Another method, and perhaps the best, where a true grade can be ob-
tained, is to allow the earth to absorb the water, by soakage, traveling 
through furrows. The gravitation that will allow of the slowest move-
ment is the most desirable. The furrows, if for tree watering, should 
be about 3 feet apart, and the same distance from trunk of tree. The 
ground becomes moistened by soakage in the course of from 6 to 24 
hours, according to the character of the soil. _ · 
Sub-irrigation can also be adopted, but the writer anticipates it will 
not become general in Victoria, on account of the great cost in laying 
the requisite plant; and another reason, because of the plentiful sup-
ply of water obtainable in the colony. On lands having an abrupt slope 
and porous soil what is known as the mesa system is best. The water 
is applied direct to basins made about the trees. 
--------------------------------
*Adapted from a paper (1887) by Stephen Cureton, of Melbourne, Victoria, addressed 
to the Ron. Alfred Deakin, minister of wat~r supply in that colony. 
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The- barrel or tank-wagon method is in vogue where pipes or flumes 
are not available, and consists of the water being drawn on wagons, 
with hose attached to each receptacle or water carrier. This primitive 
mode is slow and expensiv~, and should only be adopted where other 
systems are not applicable. 
Where the basin method is employed, dry earth can be used to cover 
all the moist soil, and a light cultivation afterwards will materially as-
sist in holding the water in the ground. If the flooding or furrow 
system is adopted, cultivation should be thorough, and must invariably 
follow. 
It requires experience to tell when the exact time for cultivation after 
irrigation should take place. Light sandy soils do not require the same 
period of time before stirriug that heavier and clayey soils do. The 
danger to be apprehended is allowing the moisture to escape if left too 
long, and breaking the earth int{) lumps and clods if done too soon. 
No fixed method or rule can be laid down that will apply to all the 
various products of the soil. For instance, the cultivation and irriga-
tion of wheat has to be done in an entirely different manner to that re-
quired by lucerne. Or, again, the treatment of the vine would be in-
jurious to the orange. Hoot crops, such as the potato, turnip, carrot, 
etc., all require a separate treatment, in the quantity of water and the 
frequency of its application. 
The quantity of water is not such an important factor as the knowl-
edge of when and how to apply it in such volume as the product under 
treatment requires. The irrigator must be governed by circumstances, 
and remember the better be cultivates the more he conserves the mois-
ture he has arti ficia1ly applied to the ground. 
CULTIVATION. 
The ti11age of the soil by steam has many advantages ov~r cultivation 
by ·animals, apart from rapidity, thorough work, and cost. It leaves 
the land in a better state to be acted upon by the atmosphere. Aera-
tion of the soil is one of its best features and objects. It breaks up the 
surface, and allows it to remain in a loose state. The atmosphere can 
more quickly act upon the subsoil, as well as on the surface, awl thereby 
raises the temperature, pulverizes the whole with equability, and better 
prepares it for the reception of the product. I11jurious tramping by 
animals is avoided, and the moisture can obtain a quicker and better 
access to the subsoil. 
Almost any depth desired can be obtained. Once done, the after-
tillage and drainage is reducfld in cost and labor. 
AN ORANGE ANALYZED. 
The skin weighed 67.5 grammes, which is 23.53 per cent.; the seeds 
weighed 6 grammes, which is 2.84 per cent.; the pulp weighed 183 
grammes, or 73.83 per cent.; the skin contained in 100 parts·-water 
an(l Yolatile oil, 78.00; organic matter, 21.40; ash, 0.84. The pulp con-
tained in 100 parts-grape sugar, 4.3; cane sugar, 4.2; in free acid, 
1.0. The free acid consisted of about equal parts of malic and citric 
acid. The ash constituents of the orange were-potash, 38.9; soda, 
7.6; lime, 23.0; magnesia, 6.5; ferric phosphate, 1.7; sulphur, 2.9; silic, 
6.2; phosphoric areid, 14.1. 
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FRUIT SEEDS. 
Fruit-tree seeds do not produce the same varieties as the parent tree, 
but generally give a haruy though inferior sort, and upon these see<t-
lings are grafted or budded the finer varieties. 'fhe seeds may beplant~d 
in the autumn, in rows 2 feet apart, or th(•y may be plauted in early 
spl'ing, but in that case the seeds require to be first mixed with damp 
sand, after which care must be taken that they do not become dry before 
planting. As soon as the plants are up they should be well cultivate(), 
and every effort made to secure a vigorous growth the first season; and 
as soon as large enough may be budded in the summer, or grafted in 
the spring. This applies to such products as the apple, cherry, pear, 
peach, plum, and quince. 
TRANSPLANTING TREES. 
Do not expose the roots to the wind, sun, or frost; shorten the tops 
well and cut off all broken or bruised roots with a sharp knife. When 
but few. trees are to be set, dig large liberal-sized boles. If the soil is 
poor, improve it with mold from beneath old trees, or with well-rotted 
stable compost and some ashes and a little slacked lime; but all must 
be thoroughly mixed and worked together before planting. When ready, 
fill the bole a depth to receive the roots, so as not to set deeper than 
grown in nursory. Set the tree and fill in, spread the roots out later-
ally, fill all the crevices with the soil gently at the trunk, more firmly 
at outer edge, and slop in one or two pails of water according to .size of 
tree. 
If the tree has the roots balled .don't spread roots or disturb soil . 
around them. Plant the sack, first cutting the string at the crown. 
'rhe sack will soon rot away, and is not injurious, rather an advantage. 
\Vrapping the trunk the first season with sacking will asRist its growth. 
Slopping a little water about the surface, no matter how often, is"tbe 
worst kind of irrigating; good, frequent working of the soil is much 
better. If irrigation is needed, let it be Jess frequent but in copious 
quantity when done. This leads the roots down away from the sun 
instead of near the surface, as the slopping system does. Don't fail to 
cut back the top when you transplant. If irrigation is not required 
pack your soil with the foot. 
MODES OF PROPAGATION. 
The following schedul~ is adapted to the propagation of the different 
trees and fruit-bearing shrubs: 
.Apple and pear.-Budding and grafting. 
Oherr.lf.-Mostly by budding, but succeeds well by grafting if done 
very early. 
Peach and nectarine.-By budding and grafting. 
Plum.-By grafting; also by budding if the stocks are thrifty. 
Apricot.-By budding; occasionally by grafting. 
Almond.-By budding; occasionally by grafting. 
Ohestnut.-By early grafting. 
Waln,ut.-By early grafting and by annual budding. 
Quince.-By cutting and grafting. 
Filbert.-By suckers and layers. The finer sorts may be grafted on 
the more common, which reduces the size of hl.lsh and makes them 
more prolific. 
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Grape.-By layer and cuttings, and in some instances grafting is 
advantageously employed for new and rare sorts on old or wild stocks, 
producing rapid growth and early bearing. · 
Raspberry and blaclcberry.-By suckers, cutting off roots, and layers. 
Gooseberry and cuTrant.-By cutting, and sometimes by ]ayers. 
D'istances jo1· planting. 
Feet apart. 
A pri cots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . • • . . . . . . . . . . . . . . . . . . . . . . • . . 24 
Apples.................................................................. 18 to 20 
Pears ........................... ~ . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . 18 to 20 
Cherries................................................................ 18 
PI u ms • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 20 
Peaches................................................................ 20 
Nectarines.............................................................. 20 
Dwarf apples a1H'l pears................................................. 10 
Grapevines ...... .... .... .... .... ...... .... ...... ...... ...... .... ...... 8 by 8 
Raisin vines............................................................ 10 by 10 
Cnrrant.s and gooseberries............................................... 3 to 4 
Strawberries, for field culture ....................... ---- .......... 1 to H by a to 3i 
Strawberries, for garden culture .... .... .... .... .... .... .... ...... .... .. 1 to 2 
Raspberries ~ud blackberries ........................................ 3 to 4 by 5 to 7 
ARRANGING AN ORCHARD. 
There are three popular systems for the arrangement of trees in an 
orchard: 
First. The square system. 
Second. The quincunx system. 
Third. The septuple system. 
Adopt the septuple syst,em for distances over 20 feet apart; under 
20 teet the square system is best. 
Nurnber of trees to an. acre. 

























CAP ACI'l'Y OF CISTERNS. 
(For each 10 inches in depth, American standard.) 
Diameter. Capacity. Diameter. Capacity. 
Feet. Gallons. Feet. Gallons. 
25 3, 059 9 396 
20 1, 958 8 313 
15 1,101 7 239 
14 959 6 176 
13 827 5 122 
12 705 4 78 
11 592 3 44 
10 489 2 19 
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HOW TO NEUTRALIZE .ALKALI. 
Gypsum, or plaster of Paris, applied at the rate of 4: or 5 tons to the 
acre, will neutralize alkali, so prevalent in some soils, and at once ren-
der it capable of producing almost any kind of crop. 
N OTES.-Irrigation is the best and cheapest of all fertilizers. One 
cubic mile of river water contains 762 tons of dissolved matter. 
Alfalfa, properly irrigated and cultivated, is the most prolific and 
best product for raising and fattening stock. 
Small holdings are cheaper to work and pay a better remunerative 
return tuan large ones. 
All soils, loose and compact alike, form a crust upon the surface un-
der the action of rain and sunshine; break this and save the, moisture 
beneath. 
If you see that a tree is suffering, as indicated by curled or wilted and 
leathery leaves and drooping stems, irrigate at once. 
SUB-CANAL OPERATIONS AT DODGE CITY, KANS. 
The canal covers 25,000 acres of land lying south of the river from 
Dodge Uity, in Ford County. The head of the canal is 8 mile~ up the 
river from Dodge City. Canal is 25 miles long and 20 feet wide at the 
bottom, and receives its supply from the sheet or subterranean waters 
of the Arkansas valley. There is a grade of 1.7 feet per mile. The canal 
is cut from the surface, going towards its head on a grade, the bottom 
of which, when the upper end is reached, will be 6 feet below the bed 
of the river opposite that point. At present the lower end of the canal 
has been constructed, and about one-half of that portion of the canal 
below the bed of the riYer is finished. At that point in the excavation, 
which \Yas.2 feet below the river bed, the excavation is about 45 feet 
wide at the bottom, and gradually widening to 60 feet on the bottom 
for a distance of 1, 700 feet. 'fhis portion of the canal is protected on 
iis sides by the driving of oaK. piles 12 feet long into the ground 16 
feet apart, and framing a stringer at the top 4 by 4, and pilings 2 by 8 
and 12 feet long are driven on the outside of this, this being done be-
fore the dredging machines were. put into operation. 
The surface of the excavation down to the water line was excavated 
by scrapers, and the balance of the excavation under the water is being 
excavated by a clam-shelldredgingmachine. One-fourth of the estimated 
amount of work to be done in running up to the river bend was done 
last fall-the work having been discontinued on it during the winter-
the other one-fourth being done this spring, siuce April 1. The 
amount of water discharged from the opening does not seem to be in-
creased by the rise in the river. A measurement taken last fall (1~89) 
showed the standing water in the excavation about 1 foot higher than 
the river at that time, which was practically dry. At present the sur-
face of the' water in the excavation is 2 feet lower than the surface 
of the high water, which is now what is commonly known as the river 
"banked full." The amount of water has not yet been measured. The 
excavation under water is done by contract at 20 cents per cubic yard. 
At a later date (August 11, 1~~0) Mr. Gilbert, executive of the Kan-
sas Waterworks and Irriga,tion Company, writes that 1,500 feet had been 
excavated and the discharge into the subcanal was ~5 cubic feet per sec-
ond; tllere was no water on the surface of the river at that date, wllich 
ruakes a good showing for tlw uew system of underflow conservation. 
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The bottom of the el.tcavation was t,hen 8 feet below the bottom of the 
river, and observation proves that more water is obtained for the money 
expende(l by 110t going any deeper. They will run up the river wHh the 
excavation at this depth, and keep it just wide enough to carry the 
amount of water required by tlie canal. In other words, after the con-
struction of the canal is commenced at the east end of the reservoir, 
give it a fall of 3 feet to Lhe mile until a point is reached where it is 8 
feet below the bed of the river, and then give the canal the sa!lle fall 
of the river, which at this point is about 7 feet to the mile. After 
reaching a point where the excavation is 8 feet below the bed of the 
river there will be a gain of about 15 cubic feet per second for every 
mile of excavation. If a slope of 3 to 1 is given the sides, there is no 
nece~;sity of protecting the sides with sheet piling. 
The company started in to build what we termed a reservoir, making 
it much wider than the canal. This is now regarded as being unneces-
sary. 
UTAH WATER COMPANIES. 
The total number of companies incorpora,ted in Utah Territory for 
irrigation purposes since July 1, 1889, and up to October 15, 1890, and 
the total amount of capital recorded by each company, is as follows: 
Altnrus Land and Irrigation Company. ____ .... __ ... _ .... ____ .. ______ . $500,000.00 
Bear River and River Water Works and Irrigation Company_ .... _. __ . 2, 100,000. 00 
Buckhorn Reservoir and Canal Company .. _.--·--·- ______ . __ ... -----· 100,000.00 
Bear Hiver City Irrigation and Manufacturing Company .......••••. _ _ 25,000. 00 
East Canyon Water Company ..... ---- --·--- --··-- ·-·--· ---- ----·- __ 5,000.00 
Glasgow Canal and Irrigation Company ..... __ . _ ... _ ••... _. __ . _ •.•... 2, 000, 000. 00 
Hydraulic Canal Company ...... _. _ ........ _ ...... _ .......•...... _. . 150, 000. 00 
Newton Irrjgation CompanY-·-----···-····-···-····----··--····-·-·· 10,000.00 
N ortb west Field Canal Company._ .. __ ...... _. __ .. __ ......... ____ .. _. 10, 000. 00 
:Payette River Canal and Land Improvement Company . _. __ . _ . _. _ . _.. 100, 000. 00 
Snake River Canal and Power Company---·---- _______ . ___ .·------- .. 1, 000,000.00 
Tooele City Water Company __ ._ . _____ ... ___ . _. ____ .. __ . ·.- ... ___ .. _. _. 25,000. 00 
F tah Water Company ...... _. _ .. _ .... _. __ .. ____ .. ____ . _. _ ... _ .. __ ... 3, 000, 000. 00 
Wellington Irrigation Company ........•. ----·--------· ____ ---·-----· 10,000.00 
KAN~AS WATER COMPANIES. 
[Incorporated between July 1, 1889, and October 15, 1890.] 
Dodge City Canal C0mpany, Dodge City, Kans. 
South Dodge Canal Company, Dodge City, Kans. 
F. X. Aubrey Irrigating Company, Kendall, Kans. 
Des Moines and Western Irrigating and Land Co., Medicine Lodge, Kans. 
Southwestern Irrigating Company, Leoti, Kans. 
Consolidated Irrigating and Water Power Company, Dodge City, Kans. 
Interstate Irrigating Company, Leoti, Kans. 
Smoky Hill River Irrigatmg Company, Russell Springs, Kans. 
Garden City Irrigating Company, Garden City, Kans. 
IrrigBting Land Company, ·ropeka, Kans. 
Smith-Buck Irrigating Company, St. :Francis, Kans. 
Prior to that date there had been fifty-sevel'l irrigating companies 
chartered by this State. 
All the above-named companies were chartered prior to October 15 
of this year 
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NEVADA W ATEI~ COMP .ANIES. 
lncorpomtions formed in the State of Nevada, 1vholly or in part for irrigatmg J11111JOBea, 
front July I, 1889, to Octobe-r 15, 18!>0. 
incor- Name of incorporation. Capital stock. 
lJate of I 
poration.~---------------------------!-----
Se~~!). 5 'Vas hoe Lake Reservoir and Galena Creek Ditch Colllpany . .. . . . . .•• • . .. . . . $1!0, 000.00 
::: .. pt. 25 Reno Water and Irrigation Company......................................... 200,000.00 
Nov. 11 Iteno Water, Land. and Light Company ...... ........................... ..... 300,000.00 
n .. e. 20 Nevada Land, Mining, and Water Company . • . . . . . . . . . . . . . . . . . • . • • • . . . . . . . . . . 7, 500, 000. 00 
f~90 . 
.Jan. 8 Ophir Land, 'Vood, and Icc Company .. .. .. . .. . ...... ........................ 100,000. Oj) 
June l 6 Nevada and California Land Company . .. .. . . .. . .. .. . .. .. . .. .. .. . .. . .. .. .. .. 50. 000. 00 
.r ul_v 28 Russell and Bradley Land aud CatCle Company............................... 350,000.00 
Aug. 9 Spanish Spring Ditcll, Land, and Water Company............................ 500,000.00 
Tota' amount of capit.1l stock ........................................... ·J 9, 020,000.00 
ARIZONA AS PRESENTED IN CENSUS BULLETIN No. 35. 
While thh; report was being printed, there was issued by the U. S. 
Census Office a report entitled "Census Bulletin, No. 35, Washington, 
D. 0., February ~7, 1891-Agricultnre: Irrigation in Arizona"-in 
which appears a communication from Superintendent Robert P. Porter, 
tlatctl February 24, 1891, stating that said bulletin was ''prepared by 
l\lr. F. H. Newell, of the U. S. Geological Survey, special agent of cen-
~u~ for the collection of the statistics of irrigation, under the direction 
of l\lr. John Hyde, special agent in charge of the division of agricul-
ture, A." 
From the ~aid bulletin the following statements are taken: 
Total area in Arizona. on which crops were raised hy irrigation in the censns year 
eudi11g .June 30, 1890, 6r>,l::!21 acres, or 102.8 square miles; less than one-tenth of 1 per 
ccut. of ontire area. 
Aggreg-ate unmlJer of farms, 1,44~; depending- upon irrigation, 1,075 (or 74 per cent.); 
rt'maining ~() JHil' cent .. being stock or other farms, where crops are raised lly ''dry 
i~trming." Average size of "irrigated farms" (by which is meant portions of farms 
only on which cropt~ are raised by irrigation), 61 acres. 
Irrigateu farms of--
610 acres or n1ore .............•....••••• ·----· ...••. .•.••. .•.• .•.••• •••. 7 
:3~0 to o40 acres ...... -- .... - ••... - . ---- ... -.- •. ----. ----- ... --- .. -.... . 15 
160 to-320 aeres ....••....... -.•• - •.••••..•.••••..••••.•• _.. . • • . • • . • . • . . . . 57 
7~ 
Untler 160 acres ..............•••••••..•.••...•....•...•..••...••••..••••.. 9!)6 
Tho 7fl farms contain an average of 287 acres each, and a total area of 22,656 acres 
(or :~t per cont. of "entire amount watered in Territory." The 996 farms (under 160 
aeres) average 4:~ acres each, and comprise only 66 per cent. of the total irrigated area. 
"In other words, 7 per cent. of the farmerl:i of the Territory owned ovl:'r one-third of 
the productive land, an•l the remaining 93 per cent. of irrigators owned an average 
of 43 acres eaoh 
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Table of irrigators, areas, farms, anil productB. 
Counties. 
Apache ............................................. . 
Cochise ............................................. . 
Gila ................................................ . 
Graham ........................................... .. 
Maricopa ......... . ................................. . 
Pima ............................................... . 
Pinal .............................................. .. 
Yavapai ............................................ . 
Yuwa. ............................................. .. 
Total ......................................... . 
j I Total 
Number ofj irrigated 
irrigators. 1 acrflage 


















































Estimated average cost of water right (taking all counties), $7.07 per acre (which 
includes cost of digging ditch, or the purchase of water right from some company or 
carrier); selling value of right as placed by farmers, $12.58; average annual cost 
per acre (for mai utenance, etc.) or assessment or rental, $1.55; estimated cost per acre 
of preparing laud for irrigation, clearing, leveling, etc., $8.60. 
Recapitulation. 
Original purchase price ofland per acre .•••••••••••••••••••.•••••••••••••••• $1.25 
Cost of preparation of land per acre-~··..................................... 8.60 
First cost of water right . . • • . • • • . • • • • • . • • • • • . • • • • . • . • • . • • • • • • • • . • • . • • . . • • • • • 7. 07 
Total cost . . . • . • • • • • • • . • • • . • . • • • . • • • • • . • • • . • . • . • • • • • . • • • • • • • . . • . • • • • . • 16. 92 
Average valuation placed by owners of laud irrigated, including buildings, fences, 
and otiJer improvements, $48.68 per acre; showing an apparent profit, less cost of 
building'i, of $31.76 per acre. 
Average annual value of farm products.................................... $13.92 
Annual outlay for water.................................................. 1. 55 
Leaving for farmer per acre per annum.............................. 12.37 
In general, "the value of products per acre increases as average size of farm 
diminit>lles." In Maricopa County, average size of farms, 10~ acres; average product 
value per acre $9.26. Yuma County, average farm area, 93 acres; product average, 
$10.50. Pinal County, average farm a 1 ea, 60 acres; product avel'age, $1l.25. On the 
1J96 farms, having an average area of 43 acres, the average value of product is placed 
at $16.75 per acre, showing that these farmers were "supported and made these prof-
its out of gross earnings averaging $720 per annum each.'' 
The data relative to above was acquired by census enumerators and 
by correspondence, blank schedules being left with each farmer, and 
letters seut to canal companies, etc. 
Statistics such as these are important if entirely or approximately cor-
rect. There is a very wide discrepancy between the areas H cultivated" 
and reclaimable by irrigation methods within tlw Territory of Arizona 
in the figures put together in ''Census Bulletin No. 35" and those pre-
sented in this progress report. There is a wide difference also between 
the estimate Mr. Newell prepared in December, 1889, for the use of the 
Senate Special Committee on Irrigation, and published as part of the 
testimony.* . 
In that statement Mr. Newell estimates the area under irrigation in 
Arizona as 175,000 acres, a total which must be much nearer the facts 
than the census figures of but li5,82L acres. Mr. Fa.rish, the Territorial 
commissioner of immigration, at that date gave the total area '' irri-
-------·---·-----·----------- ---------·-----------
.. Senate, Fifty-first Congress, first session~ Report 928, Part V, ,p. 7. 
S. Ex. 53-19 
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gated" at 203,080 acres, and that "under ditch" at 455,600 acres. The 
Board of Trade of Phrenix, Maricopa County, presented to the same 
committee a statement to the effect that there were in that county alone 
in September, 1889, 125,000 acres "annually cultivated," while the area 
actually reclaimed reached 187,500 acres. 
The statements presented in this report are taken from the official 
report of the acting governor of the Territory, from other Territorial 
and county officers, from agents of this Department, from engineers 
and other residents, and from unpublished data gathered by the 
United States Weather Service. The circulars sent out by this office 
also supplemented these sources of information. The Annual Report of 
t,he Depadment of Agriculture for 1889 (covering the preceding year) 
gives the following totals for Arizona of crops named: all of which 
must have been irrigated: 
Products. 
Quantity Average Numberof Value per 
produced in yield per acres in unit of Total valuation. 1888. acre. each crop. qu~ntity. 
Wheat .••.•..••••••.••••••.••• ~. bushels. 370, 000 15. 0 24, 695 $0. 90 $333, 000 
~~f~~~~;:::: ::::::::::::::::::::::: -~~:: ~~~: ~gg ~~- 3 2f: ~~~ : ~~ 2~!: :~f 
Hay ............................... tons. 35, 343 1. 10 32, 130 11. 00 388,773 
----·----l·-------l--------1--------l-------
Total. ................................................... .. 83, 352 .. • • .. • • • • .. 1, 094, 642 
The wheat acreage, as per monthly crop report for December, 1890, 
is given at 25,930 acres, increase of 1,235 acres. 
The following tables of ditches, irrigated areas under them, and cul-
tivated thereby, was forwarded to this office by J. H. Martineau, civil 
and hydraulic engineer, of Tucson, Ariz., who is well known in connec-
tion with irrigation enterprises. They were received too late for use 
in the body of the report. 
County. 
Maricopa •••••••••. 
Pinal: ............ . 
Yum~~t ••••••••••••• 
Incorporated irrigation ditch companies in Arizona. 
Name. 
Arizona ........... · ........................ . 
Buckeye ................................. .. 
Citrus .................................... . 
Enterprise ................................ . 
Farmers' ................................. .. 
Gila River ................................ . 
Grand ................................... .. 
Highland ................................. . 
1\:la:ricopa ................................ .. 
Palmer .................................. .. 
Tempe ................................... .. 
Utah .................................... .. 
Alamo Aramilla ......................... .. 
Florence .................................. . 
Mesa. .................................... .. 
Montezuma ............................... . 
Farmers' ................................. . 
Mohawk ................................. .. 
South Gila ............................... .. 
Salt River Valley ......................... . 
Tolteo ................................... .. 
~:~~ae~;·:::::::::: :::::::::::::::::::::::: 
Mileage Acreage 
of ditch. irrigated. 
42 50, 000 
39 20,000 
14 5, 000 
12 6, 000 
5 21, 0()0 
8 5, 000 





'1 1, 000 
43 60,000 
9 13,000 




26 ..... io;ooo· 3 
10 7, 000 




























NoTE.-Pima County h:1s about 50 miles of canals serving_ about 4,500 acres. About 20 miles of small 
ditches at Fort ThomalS in Graham County. 
.. 
... 
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Carrying capacity of Yuma County canals. 
N arne of canal • 
l Inches . 
.Antelope.......................................................................... $10,000 2, 000 
.Araby . . .• . • . ••••• •••••• •••• •• .••••. •••••• .••••• •.•• •• .•. . . . . •• • .• •••••• •••••• •••• 35, 000 3, 500 
Contreras......................................................................... 9, 000 3, 000 
Fat·mer8' •••••• .•••.. .•••.. .••••••• .•.•.. •••••• .•••••••••.• ••••.• ...... •••••• •••••. 15,000 5, 000 
Mohawk.......................................................................... 150,000 11, 000 
Purdy .....• .••••.......••••••...•.. .•..••••••••.••••.•••... .••••• •••••••••••••••. 25,000 9, 000 
Sauuders.. .••••• .••••• •••• .••••. ...•.... ...••. ..••.. ...... .•. . . . .•••.. .••••• •••••. 25,000 5, 000 
South Gila........................................................................ 45,000 . 8, 000 
Toltec ............................................................................ 15,000 1 30,000 
Redondo.......................................................................... 8, 000 ; . 600 
Total........................................................................ 337,000 i=== 
County. 
Graham .......... . 
Pinal .••••••••••••. 
Yuma ••••••••••••. 







Graham ............................. .. 
Justran ............................. .. 
Ken•pton ............................. . 
Mathews ....•••...••••••..•..•......•. 
Mejia ................................ .. 
M ichelena ...•••••••••••••••.....•..... 
Montezuma ..... , •••••...•..•....••••.. 




. Dodson .••.••..••••.•..•...•..•••••.... 
!:r~~~t~-~::: ::::::::::::: :~::::: ::::: 
McClellan .•••••••••..••.••..••••••.... 
Moore .........•••..•.•.•..•••......... 
Pat Holland .......................... . 
~~~~~,:~~~iiHiiHiiHii~i~ii~ i-1 
Swiss ........•.........••.••.•••••..... 
Walker and Dempsey ................ . 
Waterman No. I. .................... .. 
Waterman No.2 ...................... . 
White ................................ . 
Winkleman ....•.•••.•••.•••.••••.•••. 
Z. Gonzales ....•..•••••.••..•......•.. 
Antelope ............................. . 































































































































San Pedro River. 
Gila River. 
Do. 













This gives an average per ditch of nearly 160 acres per mile of ditch. 
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An act "to repeal timber-91.llture laws, and for other purposes," was 
passed and approved by the President, in the closing hours of the 
Fifty-first Congress. The following sections are of direct importance 
to all proposing to enter desert land, to construct ditches, and to main· 
tain reservoirs for purpcses of irrigation. 
SEC. 2. That an act to provide for the sale of desert lands in certain States and Ter-
ritories, approved March 3, 1877, is hereby amended by adding thereto the following 
sections: 
"SEC. 4. That at the time of filing the declaration hereinbefore ·required the party 
shall also file a map of said land, which shall ~xhibit a plan showing the mode of con-
templated irrigation, and which plan s.hall be sufficient to thorougl1ly irrigate and 
reclaim said land, and prepare it to raise ordinary agricultural crops, and shall also 
show the som·ce of the water to be used for irrigation and reclamation. Persons en-
tering or proposing to enter separate sections, or fractional parts of sections, of desert 
lands may associate together in the construction of canals and ditches for irrigating 
and reclaiming all of said tracts, and may file a joint map or maps showing their plan 
of internal improvements. 
" SEc. 5. That no land shall be patented to any person under this act unless he or 
his assignors shall have expended in the necessary irrigation, reclamation, and culti-
vation ~hereof, by means of main canals and branch ditches, and in permanent im-
provements upon tbe land, and in the purchase of water rights for the irdgation of 
the same, at least $3 per acre of whole tract reclaimed and patented in the manner 
following: Within one year after making entry for such tract of des·ert land as afore-
said the party. so entering shall expend not less than $1 per acre for the purposes 
aforesaid; and he shall in like manner expend the sum of $1 per acre during the 
second and also during the third year thereafter, until the full sum of $3 per acre is 
so expended. Said party shall tile during each year with the register proof, by the 
affidavits of two or more credible witnesses, that the full sum of $1 per acre has been 
expended in SllCh necessary improvements during such year, and t,hl3 manner in 
which expended, and at the expiration of the third year a map or pl:\n showing the 
character and extent of such improvements. If any party who has made such appli-
cation shall fail during any year to file the testimony aforellaid the lands shall revert 
to the United States, and the 25 cents advanced payment shall be forfeited to the 
United States, and the entry shall be canceled. Nothing herein contained shall pre-
vent a claimant from making his final entry and receiving his patent at an earlier 
date than hereinbefore prescribed, provided that he then makes the required proof 
of reclamation to the aggregate extent of $3 per acre: P1·ovided, That proof be fur-
ther 1·equired of the cultivation of one-eighth of the land. 
"SEc. 6. That this act shall not affect any valid rights heretofore accrued under 
said act of March 3, 1t!77, but all bona fide claims heretofore lawfully initiated may 
be perfected, upon due compliance with the provisions of ~aid act, in tho same man-
ner, upon the same terms and conditions, and subject to the same limitations, forfeit-
ures, and contests as if thiH act had not been passed; or said claims, at the option of 
the claimant, may be perfected and patented under the provisions of said act, as 
amended by this act, so far as applicable; and all acts and parts of acts in conflict 
with this act are hereby repealed. 
"SEC. 7. That any time after filing the declaration, and within the period of four 
years thereafter, upon making satisfactory proof to the register aud the receiver of 
the reclamation and cultivation of said land to the extent and cost and in the manner 
aforesaid, and substantially in accordance with the plans herein provided for, and 
that he or she is a citizen of the United States, and upon payment to the receive:r of 
the additional sum of $1 per acre for said laud, a patent shall issue therefor to the 
applicant or his assigns: But no person or associati.on of persons shall hold by assign-
ment or otherwise, prior to the issue of patent, more than 320 acres of such arid or 
desert lands; but this section shall not apply i;o entries made or initiated prior to the 
approval of this act: PTovided, howevm·, That additional proofs may be required at 
any time within th~ period prescdberl by Ja,w, and tbat the claims or entries made 
under this or any preceding act shall be subject to contest, as provided by the law re-
lating to homestead cases, for illegal inception, abandonment, orfailuretocomply with 
the requirements of law, and upon satisfactory woof thereof shall be canceled, and the 
lands, and moneys paid therefor, shall be forfeited to the United States. 
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"SEc. 8. That the provisions of the act to which this is an amendment, and the 
amendments thereto, shall apply to and be in force in the State of Colorado, as well 
as the States named in the original act; and no person shall be entitled to make 
entry of desert land except he be a resident citizen of the State or Territory in which 
the land sought to be entered is located." 
SEC. 3. That section 2288 of the Revised Statutes be amended so as to read as fol-
lows: 
''SEC. 2288. Any bona fide settler under the pre-emption homestead, or other set-
tlement laws shall have the right to transfer, by warranty against his own acts, any 
portion of his claim for church, cemetery, or school purposes, or for the right of way 
of railroads, canals, reservoirs, or ditches for irrigation or drainage across it; and the 
transfer for such public purposes shall in no way viti3Jte the right to complete and 
perfect the title of his claim." 
SEc. 17. That reservoir sites located or selected and to be located and selected 
under the provisions of "An act making appropriations for sundry civil expenses of 
the Government for the :fiscal year ending J nne 30, 1889, and for other purposes," and 
amendments thereto, shall be restricted to and shall contain only so much land as is 
actually necessary for the construction and maintenance of reservoirs; excluding so 
far as practicable lands occupied by actual settlers at the date of the location of said 
reservoirs, and that the provision of ''An act making appropriations for sundry civil 
expenses of the Government for the :fiscal year ending June ~0, 1891, and for other 
purposes," which reads as follows, namely: "No person who shall, after the passage 
of this act, enter upon any of the public lands with a view to occupation, entry, or 
settlement under any of the land laws, shall be permitted to acquire title to more 
than 320 acres in the aggregate under all said laws,'' shall be construed to include in 
the maximum amount of lands the title to which is permitted to be acquired by OLe 
person only agricultural lands, and not to include lands entered or sought to be en-
tered under mineral-land laws. ' 
SEc. 18. That the right of way through the public lands and reservations of the 
United States is hereby granted to any canal or ditch company formed for the pur-
pose of irrigation and duly org11nized under the laws of any State or Territory, which 
shall have :filed, or may hereafter tile, with the Secretary of the Interior, a copy of 
its articles of incorporation, and due proofs of its organization under the ~arne, to 
the extent of the ground occupied by the water of the reservoir, and of the canal and 
its laterals, and fifty feet on each side of the marginal limits thereof; also the right 
to take from the public lands aJjacent to the line of the canal or ditch, material, 
earth, and stone necessary for the com~truction of such canal or ditch: Provided, 
That no such right of way shall be so located as to interfere with the proper occupa-
tion by the Government of any such reservation ; and all maps of location shall be 
subject to the approval of the Department of the Government having jurisdiction of 
such reservation, and the privilege herein granted shall not be construed to interfere. 
with the control of water for irrigation and othftr purposes nuder authority of the 
respective StateR or Territories. 
SEC. 19. That any canal or ditch company rlesiring to secure the benefits of this 
act shall, within twelve months after the location of 10 miles of its canal, if the same be 
upon surveyed lands, and if upon unsurveyed lands, within twelve months after the sur-
vey thereof hy the United States, :file wit.h the register of the land office for the dis-
trict where such land is located a map of its canal or ditch and reservoir; and upon 
the approval thereof by the Secretary of the Interior the same shall be noted upon 
the plats in said office, and thereafter all such lands over which such rights of way 
shall pass shall be disposed of subject to such right of way. Whenever any person 
or corporation, in the construction of any canal, ditch, or reservoir, injures or dam-
ages the possession of any settler on the public domain, the party committing such 
injury or damage shall be liable to the party injured for such injury or damage. 
SEC. 20. That the provisions of this act shall apply to all canals, ditches, or reser. 
voirs, heretofore or hereafter constructed, whether constructed by corporations, in-
dividuals, or association of indi-viduals, on the :filing of the certificates and maps 
herein provided for. If such ditch, canal, or reservoir has been or shall be constructed 
by an individual or association of individuals, it sball be sufficient for such individ-
ual or association of individuals to :file with the Secretary of the Interior, and with 
the register of the land office where said land is located, a map of the line of such 
canal, ditch, or reservoir, as in case of a corporation, with the name of the individual 
owner or owners thereof, together with the articles of association, if any there be. 
Plats heretofore :filed shall have the benefits of this act from the day of their filing, as 
though filed under it: P1·ovided, That if any section of said canal, or ditch, shall not 
be completed within :five years after the location of said section, the rights herein 
granted shall be forfeited as to any uncompleted section of said canal, ditch, or reser-
voir, to the extent that the same is not completed at the date of the forfeiture. 
SEc. 21. That nothing in this act shall authorize such canal or ditch company to 
occupy such right of way except for the purpose of said canal or ditch, and then 
only so far as may be necessary for the construction, maintenance, and care of said 
canal or ditch. 

•' 
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ALKALI SOILS AND WATERS IN CALIFORNIA. 
The following statements and analyses are copied or condensed from 
the reports of Prof. E. W. Hilgard, University of California, 1888-'89. 
It is believed they will be of service in estimating the value of artesian 
wells in connection with irrigation. 
WATERS AND WA'l'ER SUPPLY • 
.Analyss of the tvaters of Lake. Tulare, three periods (in grains per gallon). 
[Date of taking sample, January, 1880; June,1888; February, 1889.] 
1880. 1888. 1889. 
-----------------------------------------~-----------1- --------------
Total soli•t contents.................................................... . . . • . . 81 80 204. 7 
Soluble after· evaporation .•••••.•••..••••.••••• .•••• :. .••. .•. ... .•• . .•. .••••• 71. 16 186.7 
Sodium chlor1de (common salt) . . . . •.••••.• ••. ... . .•. .. . •• . .••••• ...••. .••. •. 22. 77 
Sodium sulphate (Glauber's salt) . ....... .• ••••. ••• . •. .. . . . .• •. . .. .• . •.. . .. 17. 23 
Sodium carbonate (sal-soda).................................................. 27.92 74.3 
Potassium sulphate .. . . . .. • • • . • .. .. • .. • • .. . .. . . . .. . • . . . . . . . . . . • .. . . . . . . . . . . 3. 24 
Insoluble after evaporation . . •. . • •• . ••...•...•. ... . .. . • . . . . . . .... .. . . • . .... . . 8. 36 . 37 
8!l~~~~ ~~!~~~~~e(~~~~~-~~:: :::::::::::::::::::::::::::::::::::::::::::::::: · · ·2: 97 · :::::::: 
Magne<>ium carbonate........................................................ 4. 95 
Silica...... . . . ....................................................... ...... .44 













The most noticeable item of the above comparison is the rapid increase 
of the solid contents of the water between the last two dates, as com-
pared to that "between the first arid second dates." The following is 
quoted from Professor Hilgard's report, 1888-'89: 
It should be noted that these 8 months were remarkable for very great evapora-
tion elsewhere * * ,. and that they formed the end of 3 years of rather deficient 
rainfall in the State. The more abundant moisture of the seasonjust passed may have 
stopped or perhaps even reversed the process, a point which will receive attention 
within a short time. It will then be possiblE~ to predict with somE~ degree of approxi-
mation how nearly the condition of natural equilibrium between the evaporation 
from the lake surface, and the seepage from the streams and irrigated plains * * * 
is being approached, and to forecast the future of the lake. ;o * ,. Whether •lr 
not it will be expedient to interfere with the natural course of events, eitber for the 
establishment of a great irrigation reservoir * * * or for the reduction of the 
lake to a mere waterway in order to reclaim the lands now covered by it, * * * 
will in a measure be detrimental by the decision of another question, viz., whether 
the increased saline strength of the lake water is due wholly to evaporation, or in 
part to concentrated solutions of alkali extracted from underlying beds, by the in-
ward seepage. If a consideration of the area and depth lost. by the lake .within t.he 
last year shall show that there has been a distinct accession of alkali salts from the 
outside, the use of the drained lake bed as an irrigation reservoir will be of very 
doubtful practicability, as it would imply an annual addition of such salts to thol'!e 
already contained in the natural soils irrigated therewith. 
The importance of the latter consideration is made apparent from the 
results of an examination of a sample of "dry bog soil'' taken from the 
reclaimed "swamp or overflowed" land on the east side of Tulare Lake, 
inclosed by a levee and being below th<! high-water mark. 
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ANALYSIS OF" DRY BpG" SOIL FROM NEAR TULARE LAKE. 
When sampling the soil (after being left uncovered 18 months by the reced. 
ing of the lake), it was found to be baked quite hard for the first 6 inches; from that 
line down 20 inches, at which depth the sample was taken, it was boggy and soft. 
The soil * * * is a somewhat bluish gray clayey sediment, containing small 
gravel and shells. Its reaction is alkaline though not sharply so. 
MECHANICAL ANALYSIS. 
Percent. 
Gravel and shells above 0.6 millimeter in diameter.......................... 4.1 
Fine earth . • • • • . . • • • • • • • • • . • • . • .. • • • . . • . • . . . . . . . • • • • . • • • • • • . • • • • • • • • • • • .. .. .. • • 95. 9 
MECHANICAL ANALYSIS OF FINE EARTH. 
Clay...... . . . • . . • • • • • • . • • • • • • . • • • • • • • • • • • . • • • • • • .. • • • . . . .. • • . • .. • • • • .• • • .. • .. .. • • 29. 793 
Sediment of-
0.25 millirneter ........................................................... 13.840 
0.25 millin1eter...... .... .... .... .••. ..•••.. .... ...... .••••. ..•• ••.. •.•• 1. 567 
0.5 millimeter.......................................................... 2.195 
1.0 millimeter.......................................................... 8.183 
2.0 millimeter .•.•..•.••••.........•.•..••.•.••••......•.•.••••••••••••• !;, 622 
4.0 millimeter.......................................................... 9. 722 
8.0 millimeter.......................................................... 6. 641 
16.0 millimeter......................................................... 2.115 
32,0 millimeter .••••..•.........•....•......•.•.••••..••.....•••• ,..... 2. 407 
64.0 millimeter......................................................... 1. 275 
.. 86.360 
According to this analysis this is a clay soil, which, however should 
till well, in consequence of the uniform distribution of the sediments. 
It seems, however, to acquire tilth with some difficulty at present. 
CHEMICAL ANALYSIS. 
Per cent. 
Insoluble rP-sidue .•••••...•..•.•••........•.•••..•••.•••••••••••••••••••••• 67.34 
Potash ........•...•..............•....................••............•••..• 1.05 
Soda ..•••...•.•..••• ~. . . . . . . . . • • . . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
Lime...................................................................... 6. fi1 
Magnesia ........•...........•....•....••.••....•••...•••••.....••••••••.• 3. 96 
Br. or. Inanganese .......................................................... .04 
Ferric oxide .....••• ~.............................. ......................... 5. 05 
Alumina................................................................... 7. 97 
Phosphoric acid............................................................ . 32 
Sulphuric acid............................................................. . 08 
Organic matter and "'ater ................................................... 3. 71 
Carbonic acid .................................................... -~-· •••••.•••• 4.42 
101.29 
Humus.......................................................................... . 468 
Available inorganic ..••.......•••.....•.•...•......•••..••..••.•••••••....• 2.184 
This shows the general composition of the soil to be excellent, so far 
as the important ingredients of plant food are concerned. The amounts 
of potash and phosphoric acid are equal to those in the most productive 
soils of the Mississippi bottom, and the large percentage of lime should 
insure its thriftness and kindly tillage; but it is evident, from its 
alkaline reaction and the large percentage of soda shown, that it con-
tains enough of the true "alkali" to interfere seriously with tillage as 
well as with the welfare of vegetation. At the same time the solution 
formed by hydrochloride acid showed the want of aeration in giving an 
*The low summation of this analysis is due to t.he dissolution of lime and some 
alkaline salts in the large quantity of water employed, the clay at first failing 
altogether to diffuse until these salts had been washed out. The loss bears mainly, 
of course, upon the fine sediments. 
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indication of iron protoxide. These inferences are, moreover, corrobor-
ated by observation showing that wheat made some fine ears on the 
upper portion of a part of the levee where of course the rain had washed 
out the soda and the air had ample access. On the basis of these facts 
the_following advice as to the treatment of the land was given: 
l<'irst of all, give the soil a dressing of at least 600 pounds of plaster per acre. Yon 
will then find that it will till better, and that weeds will grow on it different from 
those it now bears. 
The soi1 evidently has not had sufficient time and tillage to get thoroughly aired 
after its reclamation from the waters of the lake. It evidently needs greatly a sum-
mer's fallow, and that to the greatest depth that a big plow and a strong four-horse 
team can go. 
If I understand correctly that it was "boggy" at a depth a little below 6 inches, it 
is too full of water yet to allow of the healthy life of crop roots. This implies 
drainage of some kind and prot.ection against the backwater of the lake. 
It would seem, from the account given of the condition of crops near 
the lake, that the same conditions do not exist everywhere on the pres-
ent and ancient lake border. Such differences doubtless arise from loca-
tion near to or away from the mouths of streams, as against that in bays 
or inlets or along the general shore line. But while these various soils 
may differ in respect to their mechanical composition, there can be 
litt1e question of their eminent intrinsic fertility when reclaimed from 
the water and cultivated with due r~gard to the avoidance of the "rise 
of the alkali," which not only exists within the sediments themselves, 
but also (as has been often observed) at some points exists in solid form 
deposited at some distance beneath the surface. It will therefore require 
special precautions to cultivate these lands successfully, but their im-
mense stock of native fertility will amply repay considerable care in 
their management, which can undoubtedly prevent injury from or per-
haps even permanently cure the surplus of the alkali. It should not be 
overlooked that the latter contains among its ingredients so large a 
proportion of potash salts that the cultivator will probably be relieved 
of the need of replacing this portion of the drain caused by cropping 
for an indefinite length of time. 
In view of the practical as well as theoretical interest attaching to 
the subject, we intend to pursue it into its various ramifications as rap-
idly as time will permit. For the present we present only one instance 
in which a change now going on on a large scale in nature is at once 
explained by even the preliminary experiments reported above. 
The three lakes of the upper San Joaquin Valley-Kern, Buena 
Vista, and Tulare-were once connected, and the alkali contained in 
their waters is manifestly of the same origin. Evaporation has for 
years past gradually concentrated their waters, for want of their nat-
ural influx (Kern River) now diverted by irrigation ditches. But 
analysis showed that, apart from concentration, a change in the ratio 
between the soluble salts has been going on as evaporation progressed. 
The cause of this change was not obvious. 
The table below gives the results of the analyses made in 1880, and 
one lately made of the water of Tulare Lake, which has likewise been 
seriously diminished by evaporation so as to more than double its solid 
contents, shows a difl'erence has occurred corresponding to that which 
in 1880 existed between Kern and Tulare Lakes. That is, the relative 
proportions between sodic carbonate on one hand and common and 
Glauber's salts on the other, have changed and are tending toward the 
same ratio that then existed in Kern Lake, evidently as the result of 
concentration. There has been a relative diminution of the sodic car-
bonate; in conformity with the rule shown in our experiments, above 
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reported, that as the amount of neutral alkali salts is increased, a 
relatively smaller amount of carbonate is formed. The calcic carbon-
ate required for the reaction is abundantly present both in the waters 
and in the deposits of the lake. 
Table showing the increase of al.kali carbonates by concentration. 
Locality, Year. 
Tulare Lake: 
NPar mouth of Kings River................................ 1880 
Middle ........ :............................................ 1880 . 
South end.................................................. 1880 
Middle..................................................... 1888 
Nor1hend............ .••••• ................................ 1889 
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Don btless a host of similar examples can be found within arid regions. 
It may be necessary to remark that while the above table ~bows no 
constant ratio between concentration and the proportion of alkali car-
bonate in solution, the discrepancies are readily accounted for by the 
possible presence of other conditions that undoubtedly influence the 
relations between the earthy and alkali carbonates; among these, the 
prevailing temperature and the relative proportion of lime carbonate in 
direct contact with the water are probably the most important factors. 
Table showing composition of alkali salts in San Joaquin Valley. 
Tulare County. 
Tulare 
~~~~:~ People's NearLake Lemoore ~~;t~:~s 
soil). Ditch Tulare Visalia (alkali). (alkali 
(aikali (surface (surface). crust). 
crust). soil). 
-------------1- ---J----------------
Soluble salts in 100 parts soil........... 1. 40 • 83 1. 26 ................... . 
~~~::t~: ~'ft~:~;~~~:·.::::::::::::::::~ :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ··s;~~ic· 
Potassium carbonate (saleratus).. ...... .... ...... .......... ... . ...... 18.80 Small. 
Sodium sulphate (Glauber's salts)...... 44.24 1.22 t31. 30 13.4 Chiefly . 32.8 
Sodiurncaruonate (sal-soda)............ 32.98 88.09 18.2 45.3 .......... 36.16 
Sodium cllloride (common salt)......... 16. 74 1. 00 .. ........ 4. 4 Little... 31.16 
~~~~1~:~ ~~r:r:~;:<~:v~>~~-~~> ~::: ::::::::: ..... ~: ~:. :::::::::: ..... :.:: ..... ~~: ~ .. ·iiit:J-;;: :: :::::::::: 
Magnesium sulphate (Epsom salts)..... .......... .......... ...... .... 8.1 Moderate .......... . 
Organic matter......................... 1.57 9.21 7.5 •••••••••. .......... 5.37 
*Very generally present, but not always in quantities sufficient for determination. 
tCommon and Glauber's salts. 
Analysis of toater from spring 30 miles n01·th of Visalia, slightly alkaline. 
[From report of Professor Htl~ar<l.] 
Grains per gallon. 
Total solid contents ................ _ .............................. - ......•.. 18.22 
Again soluble after evaporation ........................... -..... - •. .. 4 • .. • • • 8. 29 
Insoluble after evaporation ........................ - .................. --.- •. • 7. 01 
Organic matter and water................................................... 2. 92 
Amount of mineral matter not excessive or noxious; soluble parts essentially 
common salt and Glauber's salt. Insoluble part mainly lime carbonate with a littla 
magnesia an d. silica. 
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Analysis of tvater from spring in tlte foothills of the coast range, in the western po1·tion 
of county. 
[Taken from same report.l 
Parts in 10,000 grains 
per gallon. 
Total residue by evaporation ...... ·..•. . . . . . . . . . . . . . . . . . . . . . • . • . . 35, 680 208. 4 
Again soluble after evaporation ................................. 22,600 132. 2 
Insolu!Jle after evaporation ..................................... 8, 762 51.1 
Silica...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . . • . . . 1, 644 9. 6 
Organic matter and combined water...... . .. . . • . . .. • .. . . .. .. .. . . 4, 300 ~. 1 
This water is clear, odorless, but with flat, brackish taste. Strong alkaline ·reac-
tion. Fit only for medicinal uses. 
Analyses of artesia1t waters from different points in Tulare County. 









Total solid residue by evaporation . . . . . . . . . 21. 6 
Again soluble after evaporation............ 17.27 
Insoluble after evaporation................. 2. 39 



































































Potassium sulphate . . . . .. . .. . .. . . .. . .. . . .. . . .. . . .. . . . . . . 22 . 74 ....................... . 
Potassium carbonate . .... .. . .. .. .. . . .. . . .. .. .. . 3. 36 • 06 . 38 . .. . . .. . (") ...... .. 
Potassium chloride. . . .. .. . .. .. • . .. . . .. . . . .. . .. . . .. . . . . . . .. . .. . . . . . . . .. . . .. . . . . . . .. . .. . . . .. . ... 
Sodium sulphate . . .. . .. .. ... . .... .. . . .. . . . . ·. 67 I. 02 . .. . . .. . . .. . . . . . (f) ........ 
Sodium caruonate...... ................... 16.61 2. 80 2. 96 8. 55 (~) 19.30 (f) 
~~1~f:mc:~r;~~~~~~~::::~:::::::::::::::::: ~::::::: ·--·.~o2· --·:o3 ... :.~~- · <t> w w 
Calcium carbonate . . .. . .. . .. .. .. .. .. .. . .. . . 1. 18 • 40 • 97 • 45 (t) ... (.t) ... • "'ct) • • • 
Calcium phosphate......................... . . . . . .. . . .. . . .. . .. . . .. .. . .. . . . .. . .............. . 
Ualcium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .....•......... 
Ma_gnesinm carbonate . . . . .. . .. . .. . . . .. .. . . . 63 1. 19 . 06 • 70 (~) . ............. .. 
~:~~:=t~: ~~ig~j!~·::::::::::::::::: :::::: :::::::: ::::::: . :::::::. :::::::: ::::~::· :::::::~ :::::::: 
Iron and manganese caruonate ........... . smr.a. ..... ...... ...... .................... .5s ........ ····:47· ·--·:so····(§) ............. (§) •• 
Organic matter............................. 1. 93 1. 20 . .. .. • .. . . . . . .. . . .. . .. • . (t) 
Tota1 grains per gallon.......... .. . . .. . . . . . 21. 6 9. 99 5. 75 12. 02 ...................... .. 
*Some. tChiefl.y. tMuch. §Little. 
Analysis of artesian water f1·o ·m well bored near Lernoore, Tulare County. 
[From Professor Hilgard's report.l 
Depth, 442 feet; water slightly yellowish but clear; strongly alkaline to test paper. 
Grains per gal1on. 
Total residue by evaporation ................................................ 26.75 
Again soluble ............................................................... 21.49 
Carbonate of soda...... . . . . . . • • . • • . . • • • • . • . • • • • . . . . . . . . • . . . . . • • . . • • • • . . . . • . . 19. 30 
Insoluble . . . • . . . . . . . . . . . • • . . . . . • . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . • . . • • • . 87 
Water and organic matter.................................................. 4.38 
The soluble part is intensely alkaline. It contains chiofly carbonate of soda, with 
a little common and Glauber's salts. 
Analysis of artesian water fr9m well, 900 feet deep, in same portion of country: 
Grains per gallon. 
- Total solid contents ...................•..................•.•.........•...... 26. 98 
Again solnble after evaporation ............................................. 23.01 
Insoluble after evaporation.................................................. . 76 
Organic matter and water ................................................... 3.21 
Soluble part alkaline, mostly carbonate of soda, and small amount of common salt. 
Insoluble part very small, is carbonate of lime and small amount of silica. Water 
from both wells used generally for drinking. · 
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Analysis of water from the bo1·ed well at experimental station nem' Tulare City; depth of 
well 60 feet. 
Parts in-
100,000 of 100 of solid 10 of solu-
water . residue. ble salts. 
Potassium sulphate .....•.••... · .•••..•••••• ------ •••.••.•••.•.... 
Sodium sulphate ............. ------ ............ ------------ .... .. 
Sodium chloride ................................................. . 
. 026 1. 3 5.5 
.049 2.5 10.5 
.066 3.4 13.9 
Sodium carbonate ........................ ---- .................. .. . 334 17.0 70.3 
Lime carbonate ................................................. . .893 45.6 . ................. 
Magnesium carbonate ........................................... . 
Silica ........................................................... . 
. 258 13.1 . .................. 
• 239 12.2 .. ................. 
Organic matter ................................... ·.--··· ......... . .096 4. 9 . ...................... 
-------------
TotaL .................................................... . 1. 961 100.0 100.0 
Total solid contents 1.96 parts in 10,000, 11.5 grains per gallon; permanently solu-
ble 2.~ grains. 
The water used in above analysis was taken December 10, 1889, after a very unusual 
rainfall, and therefore the quantity rath~r than the quality ofits ingredients for the 
irrigation season is shown. 
The amount of soluble "alkali" in the waters from this and the other wells of like 
character in that part of the county is less than that carried by Kern River at its 
issue from the Sierras, and can be used without fear of material increase of alkali in 
the soil irrigated. 






~ 2~ ~l:~c~~~~n~!. ~~~~:: ::::::::::::::::::::: ::::~: :::::::::::::::::::::::::::::::::::::::: 
Surface water: 
9! 12 
5 17 ~i~!.~~~~~: ~~:~~~~~~~~~~-::: ::::::::::::::::::::::::::::::::::::::::::::: ~::::::: 
Second water: · 
Gravel and sand mixed ......................................................... .. 4. 21 
6 27 
14 41 
11 52 ~~~~~~r~~~~-~~~ ~::::: :_: ::::: ::_~ ::::::::::::::::::::::::::::::::::::::::: :::~::: 
Clay ........................................ ___ .......................... _ ..... _ .. 4 56 
Third water, coarse gravel to clay ................................................. .. 4 60 
Water rises to within 11 to 13 feet of snrfar.e. 
• This well is used for irrigation. Its output, by means of pumping (triple-action 
snctjon, two- horse power), is about 70 gallons per minute, equal to 42,000 gallons for 
working day of 10 hours. This amount is equivalent to nearly 7.8 m"iners' inches (4-
inch pressure), and would irrigate 40 acres if run the whole 24 hours. One of these 
wells should be sufficient to irrigate 20 acres of fruits. 
APPEN-DIX. 
COPIES OF cmcuLARS AND GENERAL LETTERS SENT OUT BY THE OFFICE OF IRRIGA-
TION INQumY. 
I. 
LAW CREATING IRRIGATION INVEtSTIGATIONS. 
[From deficiency bill, public, No. 315, first session, Fifty-first Congress. ApprovedSeptember30, 1890.1 
Irrigation investigations: To enable the Secretary of Agriculture 1 o continue to 
completion his investigations for the purpose of ueterrnining the extent and avail-
abilily for irrigation ofthe underflow and artesian waters within the region between 
the ninety-seventh degree of longitude an<l the eastern foot-bills of the Rocky Moun-
tains, and to collect and publish information as to the best methods of cultivating 
the soil by irrigation, forty thonsand dollars: 
Provided, That no part of said sum shall he expended under this paragraph unless 
the entire investigation, collection, and publication contemplated herein, including 
the report thereon, can be fully and finally completed and finished before July 1st, 
eighteen hundred and ninety-one, without any additional expense, cost, or charge be-
ing incurred. 
II. 
U. S. DEPARTMENT OF AGRICULTURE, 
Ol!'FICE OF ImnGATION, UNDERFLOW, 
AND ARTESIAN WELLS INVESTIGATIONS, 
Washington, D C., , 1890. 
DEAR SIR: By a recent provision of law, this Department has been charged with 
the collection, preparation, and publication of information relating to irrigation and 
the cultivation of the soil thereby. 
The Department has decided to prepare a progress report for snbmission to the 
next session of Congress. In furtherance of this work, the inclosed circular is for-
warded with the request that the same be filled out at the earliest moment andre-
turned in the inclosed penalty envelope. The pasters are for use in sending reports 





RlCHARD J. HINTON, 
Special Agent. 
COUNTY AND LOCAL CIRCULAR. 
[Please flll out the following blanks as fully as possible and mail in return envelope sent herewith.l 
1. No. of irrigation works in your county October 1, 189f\? -----. 
2. Mileage of main canals? -----; of distributories and laterals? -----. 
3. No. of reservoirs, if any ? -----. 
4. No. of dams 7 -----; head gates?-----; weirs?----; wing dams f 
~---~; other works! -----. 
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5. Cost of such irrigation works IVhenever possible, either actual or approximate 7 
6. Acreage served by such works f -----. 
7. Character and yield of crops (general) ? ----. 
8. Acreage, character, and yield of fruits, etc! -----. 
9. Other special crops, if a.ny raised ! -----. 
10. Assessed value (per acre) if irrigated!-----. 
11. Actual or selling value f -----. . 
12. Assessed value of non-irrigated land per acre? -----. 
13. Actual or selling value? ---~-. 
14. Are there any artesian wells (that is flowing well!j) in yom county used for ir-
rigation, farm, or stock purposes? If so, state their number and location-----. 
15. State the acreage such wells serve-----. 
16. Other wells, as bored, gang, driven, or dug, used for farm, stock, and irrigation 
purposes. If so; how many f-----. 
17. What acreage or other farm use, if any, do they serve ? -----. 
113. Are there any springs, tunnels, lakes, ponds, lagoons, or other earth water 
supplies, used for irrigation purposes? If so, please state character and location 
19. In the use of underground, underflow, artesian, or other earth waters, for irri-
gation and farm purposes, please state, if known, whether or no mPchanical means 
are needed and used to lift and distribute the said water over the surface; and if so, 
what is the character of such power in general use f -----. 
20. Any other data or remarks f ----. 
Name, -----; post-office, -----; county, -----; State, ----
III. 
U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF lRRIGA'l'ION, UNDERFLOW, 
AND ARTESIAN WELL~ INVESTIGATIONS, 
Washington, D. C., November-, 1890. 
SIR: This Department is desirous of obtaining a full history of every irrigation 
colony enterprise and of all other irrigation and water land companies and projects 
which have been located within the arid region. To that end it respectfully asks an 
early reply to the following questions; also any other information, copies of reports1 
pamphlets, maps, etc., which you may be able to forward. 







Give name and lobation of enterprise: ----, town, ----; county, ---; 
State or Territory, -----. 
State whether colony is cooperative or associated, or organized by land owners, 
private capitalists, or companies, -----. 
When organized, year and month f • 
Number of original settlers or occupiers T -----. 
Present population T -----. 
Area of land originally settled or embraced in enterprisef ----. 
Present area in acres f -----. 
Value of land per acre before settlement f -----. 
After the same by years, if posssible f • 
Present value per acre improved f ; unimproved T -----per acre. 
Value with water supply¥ -----; withoutf -----. 
Sources of water supply ? ----. 
Give name and location of river, stream, lake, or pond T -----. 
General character of works employed¥ -----. 
State other sources of supply, if any; such as wells, :flowing, gang, or dug; under-
ground streams, springs, seepage and drainage waters, marshes, lagoons, or 
ponds, -----. 
Service of water, by inches or feet, per acre T -----. 
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Cost or rental of same 'I . 
Whether in perpetuity or by annual payments 'I -----. 
Legal relations of water and la.nd 'I Please state. Is water public property, in-
alienable from the land, or not 'I -----. 
Nature of purchase, lease, lien, rental, transfer, or occupancy 'I-----. 
State character of crops raised by irrigation : -----. 
Different values of same 'I . 
Compare with non-inigated crops, either in vicinity or in former homes f-----. 
General size of holdings f -----. 
State what, in your judgment, are the crops best adopted to local and regional 
conditions 'I -----. 
Remarks: ---~-. 
Please return reply a.t your earliest convenience. 
OFFICERS OF AGRICULTURAL SOCIETIES, ETC. 
IRRIGATION INQUIRY. 
U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
_ Washington, D. C.,-----, 189-. 
SIR: Under a recent appropriation the Department of Agriculture has been charged 
with an inquiry into irrigation and the cultivation of the soil thereby, with the view 
of publishing reports on the same. 
Your extensive interest in, and acquaintance with, this subject in your own State 
and neighborhood warrants a request for sueh recent information as you can giYe. 
This office wants a record of all canal companies, colony and other land and water en-
terprises; their area, val ne, cost, etc. ; of the acreage of irrigated and irrigable lands 
for the past year; the extent and mileage of all irrigation works; of climatic and 
hydrographic observations; generally, indeed, of such data as may be accessible; 
also copies of reportA, maps, local agreements, leases, regulations, etc., which show 
the methods of conserving and distributing, selling, and renting water for irrigation 
purposes. 
Your own views as to these subjects, especially in relation to the water supplies in 
sight above and those below the ground, will Le esteemed a favor. 
Yours, very respectfully, 
-----, 
:Jpecial Agent. 
EXECUTIVE Ol!'FICERS, STATES AND TERRITORIES. 
IRRWATION INQUIRY, UNDERI!'LOW AND ARTESIAN INVESTIGATION, 
Washington, D. C., ----, 189-. 
To the Governor of----
SIR: At its recent session Congress authorized this Department "to collect and 
pn blish information as to the best metllods of culti vatiug the soil by irrigation/' aa 
well also as to continue to completion tbe investigation into "underflow and arte-
sian w::tt,ers, their extent and availibility for irrigation." 
The Department and this office will be greatly ohliged by the receipt of any infor-
mation and documents bearing on these subjects; and reports, maps, etc., will be 
of value. If an executive request for such information and aid to inquiry could be 
sent to State ami county officers, it would unquestionably sect1re valuable responses. 
Return envelopes and pasters for papers are herewith inclosed; more will be sent 
if desired. Data for the past 12 months and the latest reports are respectfully asked 
for, 
Very respectfully, 
S. Ex. 53-20 
Special' Agent. 
3()'6 IRRIGATION. 
ro the Secretary of State of ----, 
DEAR SIR: This office has been directed to prepare a progress report on irrigation 
for submission to Congress at its next session. 
To that end it will be of great service to learn the following facts :• 
(a) 'J'he total number of companies incorporated in your State for irrigation pur-
poses since July 1, 1889, up to October 15, 1890. 
(b) The total amount of capital recorded by such companies. Also, if possible, 
the total divided by sources of supply, as 
First. Surface waters, such as creeks, streams, rivers; 
Second. By reservoirs; 
Third. From underflow or other subterranean sources. 
The names and localities are not absolutely needed, though that information would 
be of value. What is more especially desired is the numbers, etc., in order to show 
activity in this form of enterprise. 
Yours, very respectfully, -----, 
Special Agent. 
RAILROAD OFFICIALS. 
U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washington, D. C.,-----, 189-. 
DEAR SIP. • By the inclosed slip yon will be informed of the duty Congress has placed 
upon this Department. 
In furtherance of this public ~ervice, then, this office asks your assistance, as the 
road of which you are the executive, in whole or large part, passes through the arid 
1·egion and is interested in the development of irrigation and the reclamation thereof. 
Will you, therefore, as early as may be, assist in securing information, etc., as to the 
following points among others: • 
(1) Is your corporation, in relation to its land grant (if any), taking any steps 
towards conserving and utilizing water supplies for present or future use in irriga-
tion ' If so, please forward particulars. 
(2) What is the character of your water supply within the arid sections of yonr 
territory' If such facts have previously been forwarded to this office or to the United 
States Senate Committee on Irrigation, please give such additional information as 
will cover the period from July 1, 1889, to October 1, 1~90. 
(3) Copjes of maps, folders, pamphlets, reports, etc., bearing upon the water sup-
plies, etc., will be of great value. 
( 4) Can you furnish this oftice with profile map of your road and its branches within 
the territory west of the ninety-seventh degree of west longitude' 
Any information bearing on these questions will be cf value. 
Penalty return envelopes and pasters (the latter for use on papers, reports, maps, 
etc.) are herewith inclosed. 
An early reply will be of great importance. 




U. 8. DEPARTMRN'r OF AGRICULTURR, 
Ol!'l!'ICE 01!' IRRIGATION INQUIRY, 
Washington, D. C., -----, 189-. 
DEAR SIR: Will yon please oblige thiR office with copies of your latest reports of 
assessments and valuations, also showing areas of cultivation, crops raised, stock 
owned and pastured. In preparing progress report on irrigation this office desires 
official data on all these points, aurl otbers of interest, that will show the growth of 
the arid sections of onr country and the progress and means for reclaiming the same. 
Accounts of all irrigation enterprises and of all water supplies will be of great value. 
Return penalty envelopes and slips are herewith inclosed. 
Very respectfully, -----, 
Special Agent. 
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DIRECTORS OF AGRICULTURAL EXPERIMENT S'fATIONS. 
U! S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washington, D. C.,----, 189-. 
SIR : By the terms of inclosed law sou will see tba t this Department is charged with 
further inquiry into irrigation and water supply. Your own WOI'k must necessarily 
embrace much of interest in relation to ''the cultivation of the soil by irrigation." 
It is proposed to prepare a progress report for submission to the next session of Con-
gress. To facilitate that work the Department and this office asks your aid: 
(1) By the forwarding copies of any reports, papers, plans of works, analyses of 
soils and water, etc., which may be of service; 
(2) Accounts of experiments, if any: that may bear on this subject; 
(3) In general, your own views, and any other data than that named bearing 
upon the subject of irrigation and water supplies, especially those from artesian and 
underflow sources. Return envelopes and pasters for return postage are inc~"osed, 








U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washington, D. C.,-----, 189-. 
DEAR SIR: Inclosed find copy of recent provision of law under which this Depart-
ment and office are now operating. Your journal must of necessity discuss the matters 
involved. It is of great importance to your readers and the Department also that 
such data as you publish and consider should be in possession of the office. Will 
yon, therefore, as a matter of public service, forward copy of articles, news items, 
statistics, etc., which may appear in your columns¥ All such material as relates to 
the past 12 months will be of special value. Return envelopes and pasters for pack-




FOR LAND MORTGAGE AND LOAN COMPANIES. 
U. S. DEPARTMENT OF 'AGRICUI,TURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washington, D. C., , 189-, 
DEAR Sm: By the inclosed copy of a 1wovision of law, passed at the late session of 
Congress, you will comprehend the work imposed upon this Department and office. 
Your large business intere~ts necessarily make you acquainted with the imperative 
nature of the demands made by the people of the great plains region for an artificial 
increase of the water supplies thereof. The appropriation made and its provisions 
are, you will perceive, small in amount and limited as to power. The chief engineer 
and chief geologist of this Department are now in the field, and will remain there as 
long aR the weather will permit, making such deductions and plans as the law and 
their observations will warrant. 
Cooperation on the part of all interested-settlers on the lauds and capitalists whose 
means have allowed them to .remain there-with officers of the Government and this 
Department is certainly most desirable. The advantage of your knowledge and ex-
tended information is asked for as part of such cooperation. The field officers of the 
Department, as well as this office, will be found ready to confer with yourself and 
others interested. The Department would like to receive your views as to the po8si-
bilities of obtaining and conserving water supplies, and of the utilizing the same for 
the cultivation of the soil within the region covered by t,he artesian wells investiga-








C.ALIFORNTA IRRIGA .TION DISTRICTS. 
U. S. DEPARTMENT OF .AGIUCULTURE, 
OFFICE OF IRRIGATION INQUIRY, 
Washirbf}ton, D. C., ----, 189-. 




SIR : This Dt>ll::trtment has been cl1arged under recent legislation with an inquiry 
into irrigation anct the cultivation of the soil thereby. It needs no argument to prove 
to you the advaHtage of a clean and clear statement in relation to your district. 
May I ask, therefore, an early reply to the following questions aud such other infor~ 
mation, copies of reports, maps, etc., as you can forward¥ 
( l) Name, boundari-es, area, location of your irrigation district, post-office address 
of executive, name of county, etc.¥ 
(2) .Area of district; area cultivated, with or without irrigation; area irrigable; 
sources and extent of water supply¥ 
(3) Amount of bonds issued, annual interest, period running; amount, if any, now 
negotiated f · 
( 4) Character of works proposed and under construction, cost of same Y State miles 
of canals now in use or to be constructed, number of reservoirs, number of dams, 
number of weirs, head-gates, wing-dams, etc.¥ 
(5) State if artesia.,n water by wells or springs or any other underground supplies 
are utilized. 
(6) Annual rental of water, permanent cost per acre, service of water per acre¥ 
Return envelopes and paster~:~ for packages are inclosed. A prompt reply will 





The following were distributed by the special agent sent to investigate irrigation 
in Montana, Idaho, Eastt-rn Oregou, and Washington: 
1. Will you pleaso to describe any irrigating canals which have been completed 
since the visit of the Senate committee, and the results already secured by means of 
such works¥ In replying to this inquiry, will you please to state the length of canal, 
its breadth at surface and at bottom, its depth and quantity of water which it is 
capable of carrying, and when it was completed T _ 
~. Will you please to mention all artesian wells in your State or section of the State 
which have struck artesian water since the visit of the Senate committee, stating 
diameter of well, i. e., of tubing, depth at which water was obtained, whether flow-
ing or not, and if flowing, in what quantity per hour¥ 
3. Will you please to mention all artesian wells now in progress, but which have 
not yet struck artesian waterY . 
INQUIRIES RELATING ESPECIALLY TO THE YELLOWSTONE VALL1!:Y. 
The following inquiries are addressed to persons residing in or especially informecl 
in regard to the Yellowstone Valley, ancl particularly to civil engineers and other 
persons who have made some study of hydraulic engineering or who have had some 
experience in the construction of machinery for elevatmg water. These inquiries, of 
course, relate to the possibilities of future development rather than to what is now 
desirable: 
1. In your opinion, is it practicable to throw water from the Yellowstone River 
upon the mesas or table lands by means of power furnished by the river, either from 
canals used for irrigation or from canals constructed for the especial purpose of fur-
nishing water-power T 
2. Do yon think it practicable to utilize the waters of the Yellowstone River upon 
the mesas or table lands by employing a series of small reservoirs upon such high 
lancts, the work of pumping to begin early in the spring and to continue through the 
period of irrigation, such reservoirs to be of a capacity to irrigate, say, from 160 to 
1,000 acres of land Y 
3. Is the coal or lignite found in the Yellowstone Valley cheap enongh, and has it 
the requisite steaming quality in order to render it practicable to throw water from 
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the Yellowstone Valley into the resenmrs, sucl1 as tnose mentioned in the preceding 
question, by steam-power, for the purpose of irrigatiug the mesas and high table 
lat.ds ~ 
4. In your opinion, could a sufficient supply of water be drawn from the Yellow-
stone River to irrigate the valley lands, and the available mesas and other high table 
lands, within a distance of 5 miles fi·om the river, without having recourse to great 
reservoirs at the heacl of the Yellowstone Hiver and its principal tributaries, involv-
iug also canals of: large d :mensious and carrying capacity Y 
GENEBAL INQUIRIES IN REGARD TO THE VALLEY OF THE YELLOWSTONJ<~. 
1. Please to describe all new works completed or in progress in the Yellowstone 
Valley since the visit of the Senate committee to Montana in the year 18tl9; also 
state what results have been realized from completed works. 
~. Will you please to state the number of artesian wells in your vicinity, the depth 
of each, tlte diameter of each, and the quantity and quality of the water delivered 
by each, stating whether they are pumping or flowing wells~ 
3. Wltat is the fall of the Yellowstone River per mile at Big Timber, at Billings, at 
Miles C1t.y, and at Glendive~ 
4. What is the average volnme of water per second which flows past a given point 
·at Billings and at Miles City during· the months of May, June, and July~ 
5. What is tbe average volnme of water per sPcond which flows fi·om the mouth of 
the Big Horn River during the months uf May, June, and Julyf 
EASTERN WASHINGTON. 
The followjng inqniriel!! are addressecl to persons residing in the State of Washing-
ton aod to others who have practical knowledge in regard to the practicability of 
rPclaiming that vast area of the State of Washington lying east of the Cascade Range, 
or any portion of it, by means of irrigation: 
1. Please to state any facts of interest which you may be able to communicate in 
regard to the possibilities of 1·eclaiming arid lands in that vast area lying east and 
south of the Columbia River, north of tho Snake River, and embraced almost entirely 
in the counties of Spokane, Douglas, Lincoln, Adams, and Franklin. In this con-
nection the following facts will ue of especial value: 
(a) The locaticn of irriga.ble areas. 
(b) The probaLle area of snch irrigable areas. 
(c) The sources of water for irrigation. 
(d) Any facts which you may Le able to communicate in regard to the probable 
location of reservoirs and the probable capacity of such. 
2. Facts in regard to the nature of the soil. 
3. The prevailing natural growt.h of nutritious grasses or shrubs, allll particularly 
as to the growt.h of sagebru~h aurl greasewood. 
4. Please to state any facts of interest known to you in regard to the practicability 
of carrying the watPrs of the Col um hi a River upon lanrls in the counties of Spokane, 
Lincoln, DouglaR, Adams, and Franklin. , 
5. Please to state any facts of interest known to you in regard to other water 
snpplies available for irrigation in the counties of the State of Washington just 
mentionerl, viz, tributary streams, elevated lakes, underflow or subterranean reser-
voirs,. or artesian waters. 
6. Please to state any facts of interest in regard to progress made in the general 
work of irrigation. 
7. The Department of Agriculture is especially desirous of gaining as full and 
accnrate information a3 possible in regard to agriculture by irrigation in the valleys 
of the Yakima River and its tributaries. 
8. The Department of Agriculture also desires to pay particular attention to that 
large and productive area known as the ''Walla Walla country" and the "Palouse 
country," in the southeastern part of the State of Washington, which section em-
braces also a considerable area in northeastern Oregon. This entire area, althongh 
highly productive without irrigation, still, like the provinces of Lombardy and 
Piedmont, in Italy, bas a ver.v important relation to the subject of irrigation. Facts 
which have come to the notice of the Department of Agriculture seem to indicate 
that t.be productiveness of this area can be greatly increased by meaus of irrigation. 
The following inquiries relate especially to this area: 
(a) What is the average wheat product of particular lands to which you may refer, 
during a season of unusual drought and when no rain falls from the time of planting 
to the time of reaping, and what the a,verage wheat product of such lands during 
the years of greatest rainfall 'f 
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(b) Please to state any facts of interest in regard to maximum and ~inimum crops, 
other than wheat, on account of extreme drought-or unusually large rainfall during 
the season of vegetable growth. 
(c) Please to describe the results of irrigation wherever it has been practiced in 
this region which is not absolutely dependent upon irrigation. 
(d) Please· to state any facts known to you as to the possibility of carrying water 
upon thelandsofthe ''Walla Wallacount.ry" and the" Palouse country" generally, 
from what sources water can be obtained, and by what means. 
(e) Please to state any well-established facts known to yon in regard to the peen-
liar chemical properties of this land. . 
EASTERN OREGON. 
But little is known in regard to the practicability of irrigating the lands of that 
vast area in the State of Oregon lying east of the Cascade Range, south of the Colum· 
bia River and south and west of the Blue Mouutains and the Powder River Moun-
tains. The irrigating works of Baker County and Klamath County, which counties 
are far apart, are the only ones of any magnituue in Oregon now known to the De-
partment of Agriculture. The following facts having a bearing upon the snl1ject of 
irrigation in Eastern Oregon are desired, in order that the Department of Agriculture 
may make them the basis of a future and more specific investigation of the resources 
of that area: 
1. The topographical features of the country. 
2. Its rainfall. 
3. The location of irrigable areas and the boundaries thereof. 
4. The probable area of such irrigable areas. 
5. The available sources of water for the purpose of irrigation, describing streams 
or lakes available for that purpose. 
6. Any facts known to you in regard to an underflow of water or to subterranean 
reservoirs or artesian waters in this section of the State of Oregon. 
7. Any facts which you may be able to comrmm icate in regard to the probable 
location of reservoirs and the probable capacity of each. 
8. The quality of the soil. 
9. The prevailing natural grasses, and particularly as to the growth of gi·ease 
wood and sage brush. 
10. The following inquiries relate to that large and productive section in the north-
eastern part of Oregon which constitutes a part of what is known as the "Walla 
Walla country." Although highly productive without irrigation, it is believed that, 
like the provinces of Lombardy and Piedmont in Italy, this area conJd be greatly 
benefited by irrigation. At least such is tlw pnrport of facts which have come to the 
notice of the Department of Agriculture. The following special inquiries are there-
fore submitted : 
(a) What is the average wheat product of lands to which you may refer during a 
season of unusual drought and when no rain falls from the time of planting to the 
time of reaping, and what the average wheat product of such lands during the years 
of greatest rainfall 7 
(b) Please to state any facts of interest known to yon in regard to maximum and 
minimum crops, other than wheat, on account of extreme drought or unusually large 
rainfall during the season of vegetable growth. 
(c) Please to describe the results of irrigation whe~ever it has been practiced in 
this region which is not absolntely dependent upon irrigation. 
(d) Please to state any facts known to you as to the possibility of carrying wafer 
upon lands of the "Walla Walla country," from what sources water can be obtained, 
and by what means. 
(e) Pl~ase to state any well-established facts known to you in regard to the peculiar 
chemical properties of the land of the "Walla Walla country." 
IDAHO. 
The Department of Agriculture is desirous of supplementing, in so far as may be 
practicable, the valuable information in regard to the possibilities of irrigation in 
the State of Idaho secured by the Senate Committee on Irrigation during the sum-
mer of 1889. For this purpose your attention is invited to the following inquiries: 
1. To what extent is irrigation necessary in the Panhandle region of Idaho1 and 
to what extent would it be helpful to agriculture where the possibility exists of cul-
ture without irrigation 7 
2. Please to describe the waters of the Panhandle region of Idaho which are avail-
able for irrigation. 
COPIES OF CIRCULARS. 311 
3. Please to present the following facts in regard to the Panhandle region of Idaho; 
also in regard to other parts of the State: 
(a) Its rainfall. 
(b) The location of irrigable areas and the boundaries thereof. 
(c) The probable area of such irrigable areas. 
(d) The available sources of water for the purpose of irrigation, describing lakes 
or streams available for that purpose. 
(e) Any facts known to you in regard to an underflow of water or to subterranean 
reservoirs or artes1an waters in the State of Idaho. 
(f) Any facts wl1ich yon may be able to communicate in reganl to the probable 
location of reservoirs and the probable capacity of each. 
(g) The quality of the soil. 
(It) The prevailing grasses, and particularly as to the growth of grease wood and 
sage-bush. 
4. Iuforrnation iu regard to the location, boundaries, and area of lands in Idaho, 
Nevada, and Oregon w1lich may be irrigated by the waters of the Owyhee River and 
its tributaries. 
5. Information in regard to the methods of cultivation and irrigation in south· 
eastern Idaho. In this connection the following special inquiries are submitted: 
(a) The average size of farms. 
(b) The sources of water for irrigation. 
(c) The manner of conducting water upon the lands. 
(d) Methods and economies practiced in the division and distribution of water. 
(e) The location and capacity of reservoirs. 
(f) Any questions which have arisen in regard to the appropriation of water for 
the purposes of irrigation. 
6. Any facts which yon may be able to communicate as to the pos.sibility of utiliz-
ing the waters of the Snake River for the purposes of irrigation in the States of 
Idaho, Oregon, and Washington. 
7. Progress made in the general work of irrigation since the visit of the Senate 
Committee in 1889. 
FRUIT CULTURE BY IRRIGATION. 
All persons who have made a specialty of fruit culture by means of irrigation are 
earnestly reqnested to present as full a statement as practical in regard to their ex-
perience in this special branch of industry, as follows: 
1. Where success has been attained, the means of irrigation adopted. 
2 Kind of fruit raised. 
3. In what year after trees were set out did they begin to bear. 
4. Yield of such trees. 
5. Facts in reg~ml to the culture of the small fruits, such as strawberries, raspber-
ries, and blackberries, by means of irrigation. 
6. To what extent the bearing season of fruit trees, and more especially of the 
snutller fruit plants, can be contro1Ied or made to yield two crops in a single season. 
7. In cases of failure in the attempt to mise fruit by means of irrigation, please to 
state the cause or causes of such failure, in so far as it can be determined. 
PASTORAL OR GRAZING LANDS. 
By "pastoral or grazing lands" reference is here had to lands so far removed from 
water where cattle may drink during the summer season as to render such lands una-
vailable for pasturage. 
1. Will you please to mention any instances known to you of water being supplied 
to cattle on lands here especially referred to by means of artesian wells or by con-
ducting water from streams 9r elevated lakes? 
2. Will you please to state any facts which may lead you to believe that such recla-
mation · of lands for pasturage is practicable, the location of such lands, and the 
means whereby, in your opinion, water can be conveyed to such lands for the use of 
cattle. 
3. In your opinion what acreage of lands can thus be reclaimed for pasturage in 
each specific case which you may ment.ion. 
IMPROVEMENTS IN IRRIGATION. 
1. Please to describe any recent improvements in the construction of irrigation 
works which may have come to your knowledge, stating particularly the poiuts of 
ditl'erence between the old and the new methods of coustruction. 
2. Please to describe any recent inventions or improvements in the method ofmea.s· 
uring water. 
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3. Please to describe any recent inventions or improvements in the methods of dia-
triuutiug water to the land of. different proprietors. 
EXCESSIVE IRRIGATION AND THE DRAINAGE OF IRRIGATED LANDS, 
1. Will you please to mention any instances of excessive irrigation which may have 
come to your notice, stating the indications of such excessive irrigation and the effects 
tLt"reof upon the different crops T 
2. To what extent are irrigated lands drained in your vicinity f 
3. In what manner is such drainage atfected, and at what cost per acre f 
4. Is it your opinion that as a rule some system of drainage must accompany every 
system of irrigation in order to realize t.he best results and to prevent the deteriora-
tion of irrigated lands! 
MARKETS. 
1. Will you please to state what proportion of the total value of the products of 
agriculture by irrigation in your section are marketed in your State or in an adjoin-
ing State, and the particular towns and cities in which they are sold T 
2. Will you please to state what products are sold exclusively in markets near the 
place of production f · 
3. Will yon please to state the products of agriculture jn your vicinity which are 
sold both in near-by markets and in remote markets, and the proportion sl.dpped to 
remote markets? 
4. Will you please to Mtate what changes are taking place as to the market.s to 
which products of irrigated lands in your vicinity are shipped, and ~he causes of 
such changes in the course of trade f 
GENERAL I~QUIRIES, 
1. Please to state any facts of interest which may occur to you touching the in-
creased value of lands in your vicinity in consequence of irrigation. 
2. What are the comparative results of spring and fall plowing with respect to the 
different crops in your vicinity f 
3. To wl1at extent, by whHt means, and in what manner are fertilizers applied to 
irrigated lands in yonr vicinity; and with what resultM¥ 
4. Please to state the average period of growth from planting to rea.ping or harvest-
ing of the various crops under irrigation in your vicinity. 
TECHNICAL INQUIRIES IN REGARD TO IRRIGATING WORKS, 
1. Please to state any facts which may have come to your observation in regard to 
pnrticular canals, as to the grade below which sediment will accumulate in the beds 
of ~Such canals. 
2. Please to state the maximum grade which can be given to particular canals, or to 
-varionH sections of such canals, without causing undue wash of the sides or bottoms 
of such canals. 
:~. Please to uescribe in general terms the manner in which and the extent to which 
the sides or bottoms of particular canals are revetted in order to prevent wearing 
away. · 
4. Please to describe the manne:c in which and the extent to which puddling is re-
sorterl to in the construction of particular canals. 
5. Please to describe the extent to which terra cotta or other impervious eart.hen 
-pipes have been employed to carry water from higher to lower levels, where the con-
struction of canals or ditches iS impracticable. 
6. Please to state tbe cases which have come to your notice where the loss of avail-
able water for irrigation pnrposes by seepa.ge or tue sinking of tbe water in the earth, 
has been -preveuted by the use of flumes or earthen pipes. 
7. Please to state any specific facts which may have come to your notice as to the 
cost of such works for preventing the loss of water by seepage. 
8. Please to state any facts whieh may have come to your notice as to the facilities 
which exist for the manufacture of impervious pipe in your vicinity, aud the cost or 
probable cost. ofsuch pipe. 
9. Please to present any facts which may nave come to your knowledge, either in 
writing or in print, as to the fertilizing properties of particular waters of irrigation, 
i.e., as to the fertilizing silt which they are said to convey to the lands. 
10. Please to ment.ion tbe elevation above sea level of all irrigated lands to which 
you may refer, in so far as that may be practicaule. 
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11. Please to present to me or refer me to data as to the capacity to deliver water 
of canals of different cross-sectional size and of different grades. 
12. Please to mention failures to secure good results from irrigation and the cause 
or causes of such failures. 
13. Please to state when "flooding" is resorted to and when water is served. to the 
land "in the row." 
14. Please to describe t.he best means of measuring the quantity of water supplied 
by irrigation which have come to your observatiOn, or refer me to printed description 
of such works with drawings of the same. 
15. Please to state any facts of interest which may have come to your notice as to 
the irrigation of land which bas been terraced. 
16. Will you please to mention instances in which underlying waters have been 
found in sinking artesian wells, which waters furnish evidence of an underflow, or of 
a subterranean reservoir above bed rock. 
The duty of 1catm·. 
By the expression ''duty of water" is meant the quantity of water which is neces-
sary for the irrigation of an acre of laud during the season of vegetable growth. 
This in practice varies from year to year on account of the rainfall. During a season 
of large rainfall the duty of water will be much less than during a very dry season. 
Again the duty of Wltter varies with the quality of the land, a loose, porous soil from 
which much water passes oft by seepage, requiring much more water than a heavy 
soilwith an impervious subsoil. 
1. Please to st,ate the average duty of water iu the particular localities to which 




(d) Potatoes and other root crops. 
(e) Strawberries, raspberries, and blackberries. 
(j) Fruit trees. 
~. Please to state how much more water is required for irrigation during seasons 
of extreme drought than during seasons of greatest rainfall. 
3. Please to state any other facts in regard to the duty of water which may occur 
to you, and any improvements of method or of mechanical means whereby the duty 
of water is economized. 
Underflow and underlying waters. 
The waters of almost all streams are to a greater or lesser extent subject to under-
flow, i. e., their waters sink into the earth and flow through sand, gmvel, or other 
pervious stratum, reappearing below in the bed of the same stream or at some remote 
}Joint. '.rhis is due to two causes-first, the nature of the deposit or strata over 
which such streams flow, and second, to the fact that the beds of such streams have 
not become perfectly puddled or rendered impervious to water by the sediment which 
they deposit. Again, there are in particular localities underlying storm waters h~ld 
4 
in natural reservoirs beneath the soil, in regard to the location and physical charac-
teristics of which reservoirs but little is yet known. 
1. Please to state any facts which may have come to your notice in regard to the 
underflow of the water ?f large or small streams, or in regard to underlying waters 
or subterranean reservous. 
2. It has been found that in certain instances water carried in canals along the 
sloping sides of high lands has seeped through the bottoms of such canals and by 
percolation has found its way beneath the soil of valleys Lelow. This is proven by 
the fact that wells sunken to great depths before such seepage took place failed to 
reach water, whereas after such seepage has gone on for a term of years water has 
been found ut quite moderate depths, and in certain inst.ances has arisen to the sur-
face as flowing wells. You are respectfully requested to state any facts of this char-
acter which may have come to your notice. 
3. '.rhis whole subject of underflow and underlying waters is one in regard to 
which little is known. It has an exceedingly important bearing upon the subject of 
irrigation. Any exact facts, therefore, or phenomena which you have noted in regard 
to this subject will be of especial value at this time. 
· Natuml subirriration. 
By natural subirrigation is meant the supplying of moisture from the underflow or 
other underlying waters. Such subirri6ativn takes place through the evaporation of 
underlying waters, and the al>sorpt,ion of moisture from such waters by the dry ground 
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at the earth's surface. Evidences of such subirrigation are found not only in ~al­
leys but also on mesas lands and the higher plateaus. 
1. Will you please to state to what extent valley lands in your vicinity are irrigated 
by means of natural subirrigation f 
2. If in any instances known to you, high lands are subirrigated from the under-
flow or accumulation of water from the natural rainfall, will you pleaBe to describe 
such cases' ' 
3. In each case of natural snbirrigation mentioned by you, will you please to state 
the nature oi the surface soil, the depth to water, and the thickness of the layer of 
sand or gravel through which snbirrigation takes placer 
4. Please to state any facts of interest which you may be able to secure as to the 
time of plowing such subirrigated lands, and the successes and failures which have 
attended the attempts made to cultivate the various crops upon snch landsT 
5. Please to state auy facts of interest which yon may have observed in regard to 
the subirrigation of high lands from underlying storm waters which are held in a 
natural subterranean reservoir. 
A1·tijicial subirrigation. 
By artificial subirrigation is meant the carrying of the water or irrigation under-
ground in pipes, through which water freely circulates, or by other means of convey-
ing water. Such subterranean conduits also operate as drains, carrying off surplus 
water. · 
1. Will you please to state any instances which have come to your notice in your 
immediate vicinity, or in your State, where subirrigation is practiced and with what 
de11ree of success f 
2. By what means is the water conveyed underground for the purpose of irrigation, 
stating, if you please, the distance of the conduits apart, their size, and the grade 
upon which they are laid, also bow far below the surface of the ground. 
3. Will yon please to state ani facts of interest which may occur to yon as to the 
time of plowing such subirrigat,ed lands and the successes and failures which have 
attended the attempts made to cultivate the various crops upon such lands. 
Hydmulic machine1'y jo1' elevating water jm· the p ·urpose of i?'rigation. 
1. Will you please to describe any works which may have come under your observa-
tion for throwing water from lower to higher levels for the purpose of irrigation by 
water power stating particularly-
( a) The location of such works. 
(b) Description of works, embracing facts in regard to the source and manner of 
using water as a pumping power. 
(c) The name and address of the constructors of such machinery. 
2. Will you please to describe any works which may have come under your observa-
tion, or which may have been projected for throwing water from lower to higher 
levels, for the purpose of irrigation by means of steam power, stating particularly-
( a) The location of such works. 
(b) Description ofsuch works. 
(c) Cost of coal or lignite used in generating steam, and where produced. 
(d) Describe the coal or lignite used, especially as to its steaming quality. 
(e) The name and address of the constructors of such machinery. / 
CLIMATOLOGY. 
Information is solicited in regard to average monthly temperature, rainfall, and 
hours of sunshine, aud the occurrence of latest spring frosts and earliest autumn frosts 
for a serifls of years. It is expected that this sort of data will be procured chiefly from 
the records of the United States Signal Service at Washington or its agents in various 
parts of the country; but it is believed that many facts of interest in regard to the 
influence of climatological conditions can be procured throughout the arid region. 
1. Will you please to present such. data as you may be able to obtain in regard to 
the average monthly rainfall at any particular point or points in your State for 10 
years or less, and in so far as you may be able to do so? 
2. Will you please to present such data as may be available to you in regard to the 
a\erage monthly temperature at any particular point or points in your State for 10 
years or less, and in so far as you may be able? 
3. Will you please to present such data as may be available to you in regard to the 
number of hours of sunshine during each rnnnth of vegetable growth, say from March 
1 to November 1, at any particular point or points in you.r State for 10 years or less, 
and in so far as you may be able 7 
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4. Will you please to give data as to the latest spring frost and earliest autumn 
frost destructive of ve:.;etable life at any particular point or points in your State 
for 10 years or less, and in so far as you may be able? 
fi. Any well-established facts of interest which yon may be able to communicate in 
regard to the comparative influence of climatological causes upon vegetable growth 
in the hnmid and in the arid region will be of interest. 
6. Will you please to state the elevation above sea level of each locality to which 
you may refer in so far as that is practicable T 
PHENOMENAL RESULTS. 
In certain localities and in certain instances, the results of agricnU.ure are so much 
in excess of the general or average results in the same section or State as to be prop-
erl.v regarded as phenomenal. Exact facts in regard to such results usually afford 
valnab1e lessons. A wheat crop of 60 bushels or in excess of such yield would be re-
garded as phenomenal. 
1. Will you please to mention any phenomenal results of irrigation which have 
come nuder your observation with respect to agricultural crops generally, or with re-
spect to some partieular crop or crops? 
':.!. Will yon please to state as specifically as possible the following facts in regard 
to such phenomenal results: 
(a) The quantity of each crop harvested, and the quality of such products in any 
one year. 
(b) Facts of interest in regard to plowing and to culture generally. 
(c) How many times were such lands irrigated during the season, in what manner 
was the water applied and in what quantity applied each timeT 
(d) Nature of surface soil. 
(e) Nature of subsoil. 
(f) Was any fertilizer applied to the soil, and if so, what kind, at what time or 
times, and in what quantity¥ 
3. Please to state the elevRtion of such lands above sea level, and their situation 
with respect to direction of slope, also the grade or fall per 100 feet as nearly as you 
may be able to state that fact. 
OFFICERS OF RAILROAD COMPANIES AND OTHER LARGE CORPORATE OWNERS OF LAND. 
1. What has your company done in the way of reclaiming arid lands by means of 
irrigation, or what plans have you in view for securing that object¥ In speaking of 
works completed or in progress, please to give their location, capacity of reservoirs, 
length of canal, breadth uf canal at surface and at bottom, depth of canal, and other 
facts of interest in regard to its construction. Also, please to state the cost of such 
works, the cost per acre of land expeeted to be reclaimed by them, and the cost per 
acre of irrigating lands. 
2. Will you please to send me in duplicate all statements in print embracing the 
rules and regulations which you have adopted for the management of such works, 
and describing the manner in which your irrigation service is administered¥ 
3. Of the total acreage of lands irrigated, or which may be irrigated by your com-
pany, what is approximately the acreage owned by it, what the acreage owned by 
individuals or corporations, and what the acreage which is still a part of the public 
domain¥ 
4. Please to state yonr views in regard to the line of policy which should be pur-
sued by the National Government and by State governments touching the general 
question of reclaiming the lands of the arid regionS' by means of irrigation. In this 
connection you are respectfully requested to state your views in re~ard to the con-
struction of works of great magnitude involving interstate administration, also 
works of smaller and merely local importance; also your views upon any question 
of public policy involved in the general subject of the reclamation of the lands by 
the various means of irrigation for the purposes of agriculture or of pasturage, with 
special reference to the dh;position of the lands belonging to your company or to the 
United SLates Government. · 
IRRIGATING WORKS. 
In describing particular irrigating works will you please to give the following 
d~aT ~ 
1. Address of proprietor or of chief manager in case the works are owned by a firm 
ot corporation. 
2. The name of the rjver (lr creek from which water is taken. 
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3. The point where the water is taken out and location of lands to which it is 
served. 
4. The length of main canal. 
5. The breadth of canal at surface and at bottom, and depth of canal. 
6. The grade of the main canal, i.e., average fall per 100 feet. 
7. A description of the nrrangementM fordistnbuting the water upon the land to be 
irrigated, describing particularly tbe construction of ditches, checks, etc., and the 
operation of conveying the water to the land. 
8. The total cost of constructing such work, and cost per acre. 
9. The total acreage of land which is or may be irrigated by such work, and cost 
of irrigating the same. 
ERRATA. 
On pages 18,259, and 267, read "distributories" instead of" distributaries." 
Ou page 38, in line 1, instead of ~' 6,423.25," read '' 6,453.25"; in line 5, instead of 
"5501400," r~ad "551, 761"; in line 7, instead of "1, 100,800," read "ll,035,200"; in 
line 10, instead of "220,800," read "2, 758,805." 
On page 41 read "Trans-Missouri," instead of " Trans-missouri." 
On page 60 last line in table, read "Washington," instead of "Wyoming." 
On page 92 read "Sacramento," instead of "Sacremento." 
On page 92 read "salable," instead of" saleable." 
On page 96 read "sub-canal work," instead of" subcanalling work." 
On page 99 read " financi ering" instead of '' financeering." 
On page 101 read " wastefulness" instead of " wastefnllness." 
On page 108 read "corollary" instead of "corrolary." 
On page 128 read "parallels" instead of "parellels." 
On page 152 read "Otter " instead of " Ottar." 
On page 155 read "stratum" instead of "strata." 
On pages 183 and 184 read "Cache la Poudre" instead of "Cache ala Poudre.'' 
On page 186, in total to table of Division II, read '' 1,643,30" instead of "1,648.30." 
On page 187, in first table, read "614,316 1' instead of "614,334," and "732,216" 
instead of "729,210" as totals. In first total f6r table for Division II read" 67,500" 
instead of" 68,500." In final total for same table read" 210,500 "instead of "211,500." 
On page 188, in final total for Division III, read '' 1,582, 710" bstead of" 1,585,500.'' 
On pa.ge 195, in first table in column under 1860, read "total of 383.91" instead of 
"385.91": in column under 1864 read "tot a] of 701.15" instead of'' 701.9 ;" under 1865 
read'' total of 1,441.74" inRtead of "1,837.74 "; unrler 1866 read "441.6" instead of 
"511.6"; under 1871 read ' 1 1, 769.59" instead of" 1,569.59"; under 1876 read "589.00 '' 
instead of "588.82." . 
On page 204 read "A horizontal" instead of "An horizontal." 
On page 206 1 ead "a failure·" instead of "failures." 
On page 227 read " Fresno" instead of "Frenso." 
On page 24::l read "rancbes" instead of "rbncbes." 
On page 244 read "Griffin" instead of "Griffen.'' 
On page 255 read "wherever;, instead of" where ever." 
On page 258 read "likely" instead of" likley.'' 
On page 261 read "M. I. C. E." instead of" M. E., C. E." 
On page 274, in note, read "Experiences surl'emploi" instead of" Experiences sur 
l'emplai." 
On page 297 read "analysis" instead of" analyss." 
Many compounds are used in this report, which in printing should have been so 
indicated by the use of a hyphen. This use is proper, becam•e the compound is both 
new aud technical. A proper understanding requires them to be indicated as follows: 
On page 45 read "sub-ditch" instead of "subditch." 
Oil page 51 read "semi-tropics" instead of" semitropics." 
Ou pages 52 and 128 read "semi-arid" instead of "semiarid." 
On page ~8 read ''sub-canal" instead of "subcanal." 
On page 147 read "extra-territorial" instead of ''extraterritorial." 
On page 15H read." non-irrigating" instead of "nonirrigating." 
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San Diego ............ 13, 16, 20, 21, 23, 24, 48, 54, 
53, 84, 90, 225, 226, 227 
f:;an Joaquin.......................... 91, 92 
San Luis Obi.;Jpo...... .. .. .. . . . . ...• .• 20, 92 
Santa Barbara.--~·-·................ 21,24 
Shasta.·· - ··.......................... 92 
Sierra................................ 5-l 
Solano . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . 225, 226 
S11tter................................ 226 
Tulare . . . . . • . . . . . • . . . . ....... lG, 20, 54, 82, 227 
Ventura ......................•...•.. 20, 21,24 




Counties in irrigable States, et,o.-Cont'd. 
Weld................................. 14,84 
Yavapai . . . . . . • • • • . . • . . . • . • . . • . .. . . . . 84 
Yolo ................................. 225,226 
Yuba................................ 91 
Yuma ................................ 8!, 289 
CountrieA, references to irrigation in: 
Africa............................... 240 
America ................ 28, 36,101,240,253,261 
Arid, the .. . • • . . • • . • • . . .. . . . • • • • • .. . . 32 
Asia . .. . .. . . . . . • . .. • • • . • .• . • • • . . •• .. • 100, 240 
Minor, Smyrna . • • • . . . . • .. .. .. . . . . . . . . 228 
Australia ........... 32, 37, 100,242,253,257,260 
Ceylon............................... 100 
Crimea............................... 225 
Eastern States....................... 152 
Egypt ............. -•.•.......•••.... 276, 278 
Englanu ............................. 218, 261 
Europe .••..•••.••.••...••..•..... 103, 218, 240 
France ................ 51, 261, 276, 278, 279, 280 
Greece ..••••..••.•.....•••........ 227, 229, 232 
India ................................ 100,175 
Italy ..•.....•..... 101, 227, 261, 276, 278, 279, 280 
Malaga............................... 225 
MediteiTanean, of the................ 227 
Mexico .................... 26, 30, 32, 49, 51,282 
Morea ...... ...•••.•••••••••• ........ 232 
New South Wales................... 37 
Spain ............. 102, 225, 228, 229, 261, 278, 279 
United States."-- .. 11, 25, 32, 33, 40, 47,101,110, 
113, 119, 132, 134, 135, 215, 
216. 
Valeria, Spain . .. .. .. . . . . . . . . . . .. • • • • 227 
Creeks, used for irrigation purposes: 
Blind............................ ••. 172 
Cherry............................... 42 
Clover .. • . . • . . • . . • • .. • • • • • . • • • • • • • • • • 169 
Day Creek........................... 192 
Eagle Rock . • • . . . .. . . .. .. . . . . . .. • . • • • 157 
Fall.................................. 172 
Five Mile............................ 172 
Goose ................................ 175,178 
Horse ................................ 141, 192 
Indian............................... 172 
Jordan............................... 176 
Leply ................................ 157 









Ten Mile............................. 172 
Willow .... .. •••••. .••••.. ........ .. . 192 
Crops, under irrigation and in arid regions: 
Antelope Valley, in.................. 54 
Arid Region, in .. .. . • . • .. .. . • • .. . .. .. 50, 60 
Baker's Valley, in ................... 169,170 
Barley, ol ......................... 154, 162,164 
Beans, of . ........................... 49 
Bozeman, at.......................... 154 
Cahba.ge, of ........................... J56, 258 
California, in ................... 26, 28, 105, 183 
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Crops, under irrigation, etc.-Continued. 
Cereals, average of................... 27 
Colorado Desert, of .. . . . • . . . . . . . •• • • • (9, 52 
Cotton, of............................ 52 
Corn, of.............................. 46,49 
Garden vegetables, of.......... • •• • •• 15, 25 
Gallatin Valley, in................... 154 
Grain, of... . ... . .• . .... . ... .. . ....... 34, 171 
Great Plains, on ................. _... 97 
Hemp, of ............................. 151 16,52 
Irrigable...... .••..•..•. ............. 140 
Lemhi Valley, in..................... 174 
Melours, of........................... 49 
Montana, in.......................... 156 
Nevada, in .. . .. • . . . . . . . . .. .. .. . . .. .. . 209 
Nitrogen in .. .. .. . . •• ... • •• • • . .. •• ••• 273 
Oats, of...... . .. • • • .. .. . • • • ... • .. . • • • 154 
Onions, of.......... ...... ...... ...... 156 
Owyhee County, in .•.•.•. .. . ........ 176 
Palouse County, in................... 161 
Potatoes, of .........••..••••...••.. 13, 164,156 
Red peppers, of...................... 49 
Rice, of.............................. 52 
Roots, of..... . . . . .. . .. . . • • . . . • . . • • • • . 15, 283 
Russian wheat at Helena............. 156 
Sorghum, of.......................... 259 
Sugar, of............................. 16,52 
Squash, of........................... 49 
Tol1acco, of.......................... 16,52 
Valuable, summer and autumn, of.... 259 
Without irrigation, at Walla Walla.. 164 
Wheat, of .... l3, 14, 18, 46, 49, 50, 51,152,154,156 
Yakima Valley, in . ... .. ... 162 
Idaho, in ................... 174,175 
California, in............... 26,183 
D. 
Dams, for irrigation purposes and worker 
Arch type of ct;own,-the.... .. . .... ••• 89 
California, in ....................... 53, 119, 120 
Denver, at............................ 93 
Diverting, a .... • .. • • ............ •••• 90 
Mojave Desert, in.................... 105 
Tapon, a . . . . • • . . . . . . • • • • . • . • • . ••• • •• • lOii 
Water pressure on a wing...... . • • • •• 120 
Deserts, their reclamation possibilities: 
Algerian, the .. • • • .. . . . . .. . .. . • • . . • • • 50 
Black Rock, of....................... 205 
Colorado, the .................. 38, 40, 48, 49,60 
Great American, the................. 48 
Great Smoke Creek, on . . . . . • • • • . . . . . 204, 205 
Great Snake River, of................ 171 
Mojave, the ................... . 38, 39,48, 51,52 
Paramint, the........................ 38, 48 
Rolston, the....... . • • • • • ... • • • . ••• •• • 205 
Ditches, for irrigation: ' 
Antelope Valley, in.................. 50 
Arizona, miles of, in.................. 290 
acres under............. • • •• 57 
cultivation by.. 60 
Arkansas Valley, in.................. 98 
Bear Lake Comity, in................ 175 
California, acreage under............. 60 
Colorado, construction of .. • .. • • • . • • • 5~ 
divisions of................ 65 
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mileage of ................ . 
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right of way given ..••••..•• 
Eureka, at .......................... . 
Fort Collins meeting ................ . 
Gallatin County, in ............... .. 
Garden City, Kans., at .............. . 
Greeley, at, Union colony Nos.1, 2, 3. 
l<laho, in ............................ . 
acreage under, in ............. . 
Boise County, in ............. . 
Cassia County, in ............. . 
irrigated and under, in 1889 ••• 
Owyhee County, in ........... . 
Washington County, in ....... . 
Kansas, acreage under cultivation, in. 
Konnervoe, the .....••..•...•.•••••.• 
Kleinschmidt, the .................. .. 
.Machines for marking ............. . 
Milton, the .•.....•....•...••••••••••• 
Montana, acreage under, in .......... . 
Nebraska, acres under, in ...•.•••••••• 
Nevada, acres •,'mder, in •.•••••.••••••• 
North Bloomtield, the ............... . 
Ontario, cost of construction at •••••• 
Otter Creek, the ..................... . 
Oregon, acres under, iu .. ·- ••.••...••• 
Primary system of .••...•••.••••.•••• 
Rist, the ............................ . 
Rosch era River, on ................. . 
San Luis Valley, in .................. . 
South Side, on the ................... . 
Texas, acres under, ni. ..•••.••••••••. 
Undersheet, water for .......••••••••• 
Utah, number of acres l;lllder ........ . 
U.tiazation of surface and underflow, 
waters for ......................... . 
Washington, acreo under, in .••.••••• 
Wyoming, total capacity of. ••••••••• 
number of miles in ...•••• 
unrecorded •.• 
recorded .••••• 
acreage under, in ..•••.••• 
Drainage. with irrigation .•...••••••••••• 
am6unt of .................... . 
area of ....................... . 
construction and depth of ..••• 
Gallatin County, in .•••••••••• 
Italy, in ...................... . 
method of investigation for .••• 
over, of the Northwest •••••••• 
subdrainage .••••••.•••••.••••• 
trenches for .•••••.•••••••••••• 
works of ..................... . 
when required .••••••••••••••• 
Drought, effects of: 
Great plains on ..................... . 
Sporadic, farms subject to ........... . 
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Blaisdell, Frank .................. 3, 5,110, 131 
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Engineers, civil and irrigation-Continued. 
Bn tier, M., Egyptian irrigation staff.. 278 
Carpenter, Prof. L. G ...... 55, 101, 103, 131, 183 
Derry, J.D., Australia ............... 237,255 
Duterle, W . . . • • • • • • . • • • . • • • • • • • .. • • • 170 
Duval, J. T .......................... 187, 192 
Foote, A.D................ ••••• •••• 56,103 
Follet, W. W . . • . . . . • . . . .. • • • . . • . • • • . • 131 
Francis, J. B . . .. • . . • . • •• . • • • • • • . . • • . . 103 
Gipps, Frederick B................... 248 
Graves, W. H . . . .. . . .. . . . .. . . .. •• • . • • 103 
Greene, Maj. C. W • .. .. • • •• • • • . •• .. • . 98, 99 
Gunisky, C, F........................ 112 
.ITammond, Wm. Hall .••• •• .••••.•••. 92,168 
Hazelton, M. W . . . .. . • • • • • . • • .. • • • .. • 112 
Irish, Charles W ..................... 131, 199 
Martmean, J. H ••••••..... 270, 272, 273, 274, 276 
Maxwell, J. P . • • • • • . . . • • • • •• • • • •• • • • • 55 
McKinney, H. G., M. E,............ .. . 261 
Nelson,J.H ..•.••.•••••..•••••••.••. 187,193 
Nettleton, E. S ......... 3, 5, 97,131,139, 1H, 147 
Rib lett, Frank .................... 175, 177, 178 
Roesler, F. E......................... 99 
Scheetze, George...... . . • . . • • • • • •• • • • 251 
Schuyler, James D................... 94,95 
Stannard, J. D....................... 191 
Tipping, J . .. . .. . .. . .. • • • • . • • • • • . • • • . 252 
Tompkins, C. H . • • • • • . • • • • • • • • . • • • • • • 177 
Wheeler, Capt. Geo. M....... ........ 58 
Van Diest, P. H...................... 58 
Farms: 
Canadian border line, on............. 157 
Cotton Wood Creek, on.............. 1M 
Ferry: 
Andersoin, the....................... 177 
Starrhs, the.......................... 177 
Story's, the .•••••••••••••••.••••••••. 177, 178 
Fruits, under irrigation .•••.•••••••••••• 12, 26,257 
Apples............................... 25,162 
Apricots .. • . • . • • • •• •• •••••• •••••••••• 23 
Baker Valley, of .•••••.••••••••••••.• 169, 170 
California, of. . . . . • • • • • . • • • • • • • • . . • . . • 86, 106 
valuations of fruit raising 
counties in.............. 87 
Citrus, the ......................... 27, 51,226 
growing area, San D i e g o 
county, in.................. 83 
Currants ..••.•..•..•••••.•••.•••.••.• 231, 232 
Colonies, in British...... • • • • • • • •• • • • 82, 83 
Deciduous, the....................... 51 
Date palm, the...................... Sl 
Farming for....... • • • • • • • • • . • • • • • • • • • 20 
Figs, effect of soil on................. 28, 52 
Grapes, qu.ali~y of .••.••••••••••••••• 227,229 
MIHSIOn ..................... 26 
Muscat •••••••••• 28, 225, 226, 227, 229 
Muscatel............ . • . . . . . . 225, 233 
Raisin ..•.••••• 14, 27, 28,225,226,228 
Wine....................... 27 
Mexico, in, varieties of............... 26 
Montana, in ..... •. .••••• •••••• ••••••• 158 
Olive . .. . . . . . • • • • • • • • • • • • • • • • • • • • • • • • 28, 51 
Orange, the ••••••.••••••.••.•••• 14, 20, 28, 226 
analysis of.................. 283 
Orange, net returns from............. II 
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Fruits, under irrigation- Continued. 
Orchards ............•....•••.•••... 27, 254,258 
Pacific slope, of the.................. 157 
Peach . . . .... .. . .••. ••• •.•••• .••... .. 23 
Prune, culture of ...•••.......... 20, 27, 28, 162 
Raisin vines in Asia MiBor........... 228 
Small berries. . . . . . . . . . . . . . . . . . . • • . • • • 25 
by artesian ·water: • . • • • 108 
Vines, Denia, in Spain................ 228 
Chili, grown in................ 228 
health of ..••.•••.••..... 227, 228 
raisin, irrigatin·g of............ 227 
Valencia in, Spain . . • • . 228 
Walnut, English, the................. 28 
Yakina Valley, in.................... 162 
G. 
Geologist, Culver, Prof. G. E:........ •• • . • 38 
Grass, varieties of crops: 
Alfalfa.. . .••..••••...... 13, 26, 27, 46, 162, 286 
Hay ..•..••......................... 61,154, 158 
Timothy, value of foot-hills for . • . . . • 156 
H. 
Historical references to irrigation • . • • • 11, 12, 31 
Horticulture, in relation to: 
California, in ...•.•.............•.•.. 26, 27, 279 
State society, of.... . • . . • • • 22 
communities, of........... 20 
1. 
Industries, in and region: 
Cattle raising........................ 17 
Horse raising........................ 17 
Lumber.............................. 21 
MiRing............................... 21 
Sheep raising . . . • • • . . • • . • • . . • . . • . . • • . 17, 152 
Sheep husbandry, Oregon . . . • • • . • • • • • 169 
Stock raising......................... 14, 21 
Irrigation, general references to: 
Ad vantages of . . . . • . . . . . . . . . . . . . . • • • . 275 
Alfalfa grown by . • • . . • • • . • . .. . • . . • . . 108 
Agriculture, Department of, circulars 
of inquiry ...... 303, 304, 305, 306, 307, 308,310, 
311, 312, 313, 315, 316 
American~-·············............ 279 
Ancient.............................. 11,30 
Arable land, for...................... 276 
Area, total reclaimable by, in United 
States ........................... 125, 126, 127 
Arid rej!ion, in....................... 60 
Arid and semiarid States, in.......... 52 
Artesian basin at Denver, for. . . . . • • • 193 
wells in San Luis Valley, 
used for............ . • • • • • 193 
wells, use for........... . . . . 108 
Arizona, in ................... 52, 53, 57,288,289 
Asiatic and American systems of.... 280 
Australia, in papers on and references to: 
Coghlan's" Wealth and Progress 
in New South Wales" . . . . . . . • . 243 
Conference of Victoria irrigators, 
uotes of ...•••••.••.••••••••••. 250-261 
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Irrigation, l{eneral references to-Cont'd. 
Australia, Cureton, Stephen, on tillage 
and products, by ............... 282-286 
Deakin, Ron. A.fred, ex-secretary 
water supply department, colony 
of Victoria .......•.•••.•... 237, 253, 261 
Derry, civil engineer .•••.••..•.. 237, 282 
Dow, Ron. T. K., ex-minister of 
agriculture, Victoria ..•.•.•.... 260, 261 
Gipps, Frederick B., engineer of 
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Wales........................ 248 
Griffin, U.S. consul, Sydney, New 
South Wales................... 24' 
Hinton, Richard J ., paper on A us· 
tralian progress and methods . . 235-250 
Robinso::J, Charles, secretary of 
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Branch drains for . . . . • . . • • • . . • • . • . . . 105 
California, in .................... 52, 53, 87, 127 
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Division superintendents of...... 76 
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Southern, in................. 240 
Fruit lanJs, of Fresno............... 124 
Furrows by . .. . . . .. .. . . . . .. .. .. .. .. .. 105 
Great Plains, reclaimable acres...... 126 
Hydrants, by................ . ........ 118 
Hydraulic machines for, inquiries 
into............................ 314 
Iberian (Spain) Company, by .. .. .. .. 262 
Idaho, in............................. 52,179 
Implements of....................... 119 
Importance of ....................... ." 268, 276 
India, investigation of............... 13, 247 
Indians, by .... • .. .. . . .. . . .. . . . .. .. .. 11. 32 
Investigation of, special papers. etc., 
prepared thereon : 
California, taisin grape, cultiva-
tion of, Gustave 
Eisen...... . . . . . .. . 223-232 
currants, cultivation 
of, Gustave Eisen .. 232, 233 
Colorado, progress and statistics 
for 1890, L. G. Carpenter, irriga-
tion engineer .................. 182-196 
Imbibition of rocks on, RobertT. 
Hill, assistant geologist ........ 213-221 
Nevaua in "Artesian Waters," 
Charles W. Irish, c. E .. 199-206 
Nye County, "Phreatic 
Waters'' in, George 
Nich(lls .. .. .. . .. .. • .. .. 209-212 
Legal aspects of...................... 63 
Literature of......................... 237 
Machinery, means and appliances 
of ............................... 110,111,112 
Malaga, in .. .. .. . .. . . .. . .. .. . .. .. • .. . 228 
Maricopa, at . .. .. .... . .. • . .. .. .. . . . . . 84 
Meadows of ....................... 259, 275,276 
Mesa, system of...................... 282 
Methods of ........................ 175, 257, 283 
.Austt·alia, used in ....... 250, 251,282 
barrels or tanks by.......... 283 
cost of...................... 141 
Mexican ........................... .. 
Milanese ............................ . 
Mojave Desert, in ................... . 
Montana, in ........................ .. 






lrril:{ation, general references to-Cont'd. 
Mormon polic,y, in regard to ........ . 
Mormons, primary, by ...... , ....... .. 





Natural or artificiaL................. 28 
snbirrigation ........... 27, 47,313,314 
Nebraska, in ........................ 52, 56,141 
Nevada, in ....•.•.•..•••...•....... 51,176, 203 
New Mexico, in ................... 52, 53, 5t1, 99 
New South Wales, in ........ 237, 238,239,240, 
241, 243, 24i 
Orchards under ............ 22, 106,251,253,257 
Oregon, estimates in ......... 52, 58, 59,165,166 
Phreatic waters for............ . .. .. . 209 
Pipe by.............................. 115 
Pueblo, supply available for.......... 94 
Pumps in use for .................... 110-194 
Primitive forms of................... 16 
Production by........................ 23 
Processes of United States in .•.. J 11,16, 36, 
53, 54,151 
Reports on and maps of Australian 
colon:es .......................... .. 
Resel'voirs, size required for 100 
acres of ........................... . 
Result of ........................... .. 
Rivers in connection with .......... . 
Roadsfor .......................... .. 
San Joaquin Valley, in .............. . 
Seasons of ........................... . 
for Victoria ................ .. 









Seepage, by............ . .. .. .. .. . . .. . 46 
S~nate, special committee, refl3rences 
to .......................... 15,17,52, 83, 289 
Shasta County, Cal., in.............. 54 
Shower pumps, by .. .. . .. .. • .. • .. .. .. 256 
Single well, by.................. . .. . 256 
Small farms, under. . . . . . . . . . . • . . . . • . • 252 
Soil prepared for. .. .. .. • .. .. • .. . .. .. • 251 
of slopes, best for. . .. . .. .. .. .. .. . 253 
Spain, in .......................... 265, 278, 279 
Springs,-use of for. . .. . .. . . .. .. .. . . . .. 42 
State boards of....................... 18 
engineers of.............. .. .. .. 66 
Statistics of. . .. . .. . .. .. .. .. .. .. .. .. • 60 
Steam nump, for..... .. .. .. • .. .. .. .. . 16! 
Stream wator, for.................... 119 
Sn b-cause of ......................... 169, 200 
Subdivision ofland for............... 17 
Sub-flow rivers increaseu by . . .. . .. .. 142 
Sub-percolation, by................... 47 
Subsoil, by, in Victoda.. .... ........ 282 
Summer and winter.................. 275 
Surface .............................. 47,118 
Systems of ...................... 27, 47, 116, 158 
System, drainage and . . . . . . . . . . . . . . . . 122 
Tanks by, in New South Wales...... 245 
1'exas, in . .. . . . .. . . .. . . .. . .. . . . . .. . . . 52, 99 
average yield with or without 148 
Theories and practices of..... . . . • • . 268 
Thorough cultivation a necessity, for. 251 
Tree storage by Victoria conference.. 251 
Unuertlow waters by, in Kansas...... 123 
conduits fo1· .. .. .. .. .... • • 100 
326 INDEX. 
Irrigation, general references to-Cont'd. 
Underflow, supplies for .............. . 
United States, in investigation of ...• 
Utah, in ..•...••.••.•.••.•...•...••.. 
Value of. ....•...•....••............. 
and economy, of, over rainfall. 
of land, made by .............• 
of springs for ..........••...... 
veins f::!rnishing springa of 
water for ...•...............• 










gators_ .........••........ 250-261 
in _ ...••.•.•••.••......•... _ 207, 252 
Vineyards, of . . . • • • . • • • . . . . • . . . . .• • . • 258 
Washington, in ...•••....••.. · ....... 52, 59,309 
Water, conservancy, in ............... 276, 277 
Wells and pumps, use and cost, in... 124 
Wenass Valley, in.................... 163 
Windmill, use of, for •..•............. 111, 112 
Works in California .•...... 19,20, 53, 89, 91, 104 
in Colorado................... 55 
construc ·ing between Rockies 
and Belt Mountains......... 157 
constructions in tbe North west 92 
inquiries into ......••.•.•..•..• 315,316 
private in California.......... 88 
under way in Kansas ••••..... 18, 19,56 
-cost of, New South Wales, in... 245 
at Yakima and Kittitass County, 
Washington................. 16~ 
!n Victoria. . . . . . . • • • • • • • . . . • • • 253 
Wyoming, in.................. 52,75 
Yellowstone Valley in........ 308 
Islands, referred to: 
Cepbalonia. ... .• ....•• ..•••• ..••.•.•• 232 
Grecian Islands . . . . . • . . . . . • . .• . • . • • • • 232 
Ithaca................................ 232 
Zante ..••••.•..••...... ...... •••••••• 232 
L. 
Labor of Chinese, antl pric.e of ....•..••••• 
Lakes, mention of: 
Artificial, can be created ..•.•••• · •.••. 
Buena Vista ..•..•.•••••..•••.•.••••• 
Claymore ......•..•..••.....•.....••. 
Dry Colorado Desert ................• 
Dry, in Nevada, beds of ..•••.••.••••• 
Eagle ...•...•..•..•••...•••.••••..... 
Evaporation, effect of on ..•..•••...•. 
George, New South Wales .......... . 
Great, the .......................... . 
Great Salt, the ....••...•••.•...•••••. 
Kern ...........•..•.••.••..•..••.••.• 


















Lands, under irrigation: 
Acres of............................. 126 
Alluvial ............................ 52, 57,142 
Arable-areas, of ................ 24, 153,154,160 
Arid-small holdings of best for . . • . • 34 
Arizona, in . . . . . . .. . . . . .. . . . • .. • . . • • • 84 
Al'izona, acres under ditch, in........ 58-288 
Page. 
J~amll'l, under irt'igation-Continned. 
.Australia, irrigated, in............... 282 
nad, the............................. 47 
Baker River Valley, with or without 
irrigation, in __ .. _................. . 162 
Bench, iuigated, the ....••.••• _ ... 156, 157, 160 
Big Bend, of......................... 160 
Bog, treatment of . • • .. . • • . • • • . . • . . . . . 209 
Bottom, the.......................... 12 
irrigated by current wheels. 170 
Lemhi County, in........... 17' 
California, area, reclaimable in . . .• . . • 2~ 
Cienagas or marshe, the . . . • .. . . . . . . • 41 
Citrus, with water in California...... 86 
Creur u'Alene reservation, of . . •• .... 160 
Colmatage, raising low . . . . . • . .. • . • •• 270 
Colorado Desert, the. . • • .. • • . . • • . . • • . 49 
Cost, of, at Riverside................. 29 
Cultivated, the....................... 20, 28 
Currant vineyard . . . . .•. . • • . . • . . . . • . • 232 
Dead Sea, a dry bed of the............ 48 
Dearborn River, along the............ 154 
Desert., the . . . • . • • . .. . . . . . . .. • • • • . . . . . 34, 126 · 
El Cajon, phenomenal moisture of . .• 230 
Foothills, California, of............... 83 
Grant system, of........... . • . • • . . • . • 30 
Grant, Maxwell, New Mexico........ 19,56 
Grants of, Mexican................... 20 
Grass, natural the.................... 15 
Great Bend, at. . .• • •• . • . • • • . .• • •• . • . • 92 
Government . .. . . . • .. .. ... • •• . •• . . • • • 30 
Idaho, acres reclaimable in . . .• . . . . • . , 56 
arable of ................... 161, 173, 17' 
Irrigated and irrigable ......... 19, 27, 85,171, 
173-175,282 
Irrigable surveys of. . . • . . . . •• . • . . . • • • 33 
High plateau......................... 126 
Llano Estacado, Tex.,in. .....•••• .••. 216 
Low plan for raising . . . . . • • . . • . . • . • • • 276 
Mesa, the ............................ 12, 32, 90 
Columbia River on............. 163 
Methods, Spanish and Mexican...... 30 
Mexican plan of holding . . . . . . • • • . • •• 20 
Missouri River .•••.••.. .•. .••• .••••• 160 
Modoc............................... 84 
Money, loaning on................... 17 
Montana, price of now irrigable .. . •• 85 
Nevada, arable of.................... 176 
acres under cultivation..... 69 
Nye County, quality and 
quantity of................ 210 
Office, U.S. General.................. 16,33 
Oregon, eastern, acres cultivated in •• 58 
pastoral, acres of . . • • 126 
Patents, for . . ... . •• .••••• .•. .•. .••••• 33 
Pima County, of..................... 84 
Public, tbe ....................... 16, 32-34, 125 
Railroad . . . . . . • . . . . . .. • • . . • . . • • • • • • • • 19 
Reclaimable acres of................. 26 
Sale of............................... 20 
San Diego County, reclaimable area 
in.................................. 90 
Semi-humid.......................... 25 
Settlers for. .. • . .. • . . . • . • • • . . • • . . • • • • • 31 
Snake River Valley, of .•.•...•••.••••• 161,173 
INDEX. 327 
Page. 
Lands, under irrigation-Coutinued. 
Table lands, the.............. . . • . . • • • 160 
plains, a di-es of .. .. . .. .. .. .. .. • l 26 
Texas, in selling price of............. 85 
Truckee, meadows of .. .. .. • . . .. . .. .. 201 
Value of, Arizona in .. ... .... ........ 84 
Californiain .......... 26, 27, 29, 84,86 
irrigated . .. . .. • .. .. .. .. . .. . 83-85 
irrigation, effect on......... 83, 85 
semiarid of................. 85 
Valley, Nevada, in .................... 203,204 
Washington, eastern, acres cultivated 
in..................... 59 
eastern, arid area in • • • • 161 
Waste . • • . . • . . . . . . . • • • • • .. .. ... .. .. .. 48, 90 
Wheat .... -........................... 26 
I.aws affecting irrigation, quoted or re-
f6rred to: 
Anglo-Saxon, the.... . ............ . ... 63 
Appleton's Cyc:opedia, reference to 
(title "Irrigation")................ 63 
Appropriation, water, of.............. 167 
Arid region, governing of............ 63 
Artesian wells, South Dakota in . . . . • 65 
California of, district system,1886-'87 .27, 66-69, 
80, 81, 82, 161 
Colorado, code proposed.............. 70-74 
acquiring water rights . .. .. 71 
amendments, minority re-
port ..................... . 70,72-74 
artesian and subterranean 
waters, control of .. .. . .. • 72 
carriers, as owners of ....... · 66 
measurements of watel' pro-
posed..................... 72 
priotity,etc .......... ...... 70 
Dakota, Territory of................. 63,64 
South, artesian "ells for 
townships .. .. • • .... • •• • .. • 65 
South, gp.neral acts and polit-
ical code of................ 64 
South, creating investigation 
act................. . ...... 303 
South, desert land act, refer-
ences ...................... 174,292 
Foreign countries, codes, customs, etc.: 
Australian legal systems and cus-
toms ................ 239-241,244,247-250 
Bavaria, in ...................... 267, 278 
codes, Napoleon, the.............. 43,265 
Egypt, of, references to........... 247 
France, of........................ 267 
Italy, civil code of ........ 239, 262-265, 271, 
278, ~79 
distribution of water ...•.... 280-282 
mode or water measur·e-
ments in ................. 101,102 
India, Madras, in. .. • • .. .. .. • • • • • • 266 
upper canals of ........... 265-267 
Mexican, the ..................... 31, 43, 63 
Moorish, the .. .. .. .. .. • .. . .. .. • • • 43 
New South Wales, administra-
tration, national................ 240 
Oriental codes.................... 63 
Ottoman, the..................... ~ 
Page. 
Laws affecting irrigation, etc-Cont'd. 
Foreign countries, codes, etc.-Cont'd. 
Riparian rights .. .. .. .. .. .. .... .. 167 
in Australia..... 237 
Spanish, the ... 28, 30, 31, 43, 63,239,261,262, 
264-268 
Timber-culture acts, changes in .. 29~, 293 
Water, natural, jurisprudence of..... 63 
supply of, owned by 
Government....... 267 
navigable, general 
sovereignty of..... 63 
ri,ghts in ............. 177, 238 
riparian, the. • • • • • • • • 63 
Wyoming, in ... _...................... 74-80 
M. 
Markets: 
Baker Valley, Oregon................ 170 
Ballarat, Victoria, at . ...... .... ...... 258 
Butte, Mont.......................... 164 
Helena, Mont . .. .. • .. .. .. .. .. • • • • • • • • 164 
Spokane Falls, Wash................. 164 
Mining, hydraulic........................ 14 
Mountains, mention of: 
Big fforn, the...... .. .. • • .. .. • • • .. .. • 75, 151 
Bitter Root, the ...................... 160,165 
Blue, the . . .. .. • .. .. .. . . . . .. .. .. • .. . .. 164 
Cascade, the .....••. 53, 61, 129, 160, 161, 165, 167 
Cuyamaca, the . .. .. .. .. .. • • . • .. • • • .. . 90 
Foot Hills, the ....................... 14, 26, 34 
Gates of.............................. 157 
Guadaloupe, the...................... 217 
Grayback, the........................ 89 
Llano, Estacado, tbe .................. 217, 218 
Organ, the ....... ...... .............. 217 
Pea vine, the • .. .. • • .. • .. • ... • .. .. .. .. 204 
Pyramid Lake, the . .. .. .. .. • .. . .. .. .. 205 
Rocky, the .. 15, 36, 41, 42, 44, 61, 94, 129, 142, 143, 
147,161, 165,173 
Red Beds, the .. .. • .. • • • • • .. .. • .. .. .. • 217 
San Bernardino, th~............ .. .. • • 48, 89 
San Jacinto, the . .... ................ 48 
Saw Tooth Range, the................ 173 
Sierra Madre, the . . .. .. .. .. • • .. . .. • .. 90 
SierraNevada.13,20, 39, 54, 109,129,201,202,204 
Whitney, Mount ..•••.•....••..••.. 13, 109, 201 
Names mentioned or quoted: 
Agriculture, Department of ......... . 12, 33,98 
Allaman, Geo., Kansas farmer........ 141 
Angel, Texas......................... 178 
Aragon, King of . .. .. • • .. .. • .. .. . . . .. 261 
Austin, Miss M. F., viticulturist . • • • . 226 
Barrall, M., French agricultural 
writer.............................. 271 
Barton, Robert, viticulturist.......... 226 
Blossom, J. A .. . • .. .. .. .. .. .. • • .. .. .. 203 
Blowers, B. B;, horticulturist • . . • . . • • . 225, 226 
Robierre, Monsieur, French agricul-
tural writer .. .. .. .. .. .. .. .. .. .. .. • • 128 
Buffon, M. Madault de, French agri-
cultural writer. . .. .. .. . .. .. .. .. .. .. 102, 276 
Bradford, Donalrl, mayor of Helena.. 156 
Brown, W., Lonyamory Agricultural 
College, An.ijtralia........ ........ •• 256 
328 INDEX. 
Names mentioned or quoted-Continued. 
Briggs, G. G., horticulturist ..••••.•• 
Bryan, S. V .•.•..••••••.••....••.••.. 
Chaffey Bros., colony organizers, the. 
Chapman, W. H., irrigator ......... .. 
Charles V, Emperor of Germany and 
• King of Spain ..................... . 







writer ............................. 268,278 
Child, H. E., irrigator .....•.••.•••••• 
Chipman, N.P., horticulturist .....•• 
Clark, R. G., viticulturist .......•...•. 





Culver, Prof. G. E., geologist .. . .. .•. 37,38 
Cureton, Stephen, agricultural writer. 282 
Crawford, H. A., statement by........ 259 
Cranston, .E. D., Oregon farmer ...... . 169 
Deakin, Ron. Alfred, M. P., ex-sec-
retary department of water, supply 
Victoria ........... : .... 237, 250, 253, 279, 282 
Delmas, D. M., lawyer .............. . 
Delmas, A., horticulturist .......... . 
Delessee, Monsieur, French writer .• 




tural writer ............... : ........ 237, 260 
Duniway, Willis L., lawyer and 
rancher ............................ 176,177 
Eason, G., Australian inigator . . . . . • 258 
Eaton, Benjamin W., ex-governor, 
Colorado .......................... . 
Edison, T. W., electrician .......... . 
Edol, T., Australian irrigator ....... . 





Farish, ,V, M., Arizona immig~ation 
commissioner ..................... . 
Forsythe, William, horticultm:ist .•.• 
Fremont, John Cbarles ............. . 
Frientl, Samuel, Idaho .............. . 
Galloway, Thomas C., Idaho ........ . 
Gesslemon, Mr., Nebraska irrigator .• 
Gebson, S. G., inventor . ............. . 









Goodwin, John, Kansas, farmer...... 46 
Goodman, J. B., horticulturist........ 226 
Grandcau, Monsieur, French horticul-
tural writer........................ 51 
Greely, A. W., brigadier-general., 
U. S. Army......................... 60, 12 
Gregory, J. W., special agent of in-
vestigation ............... 85, 91,131,139, 147 
Griffin, United States consul, Sydney, 
New South Wales.................. 244 
Grimes, ex-Senator................... 174 
Haggins & Carr, irrigation organizers 13 
Hales, Monsieur, French writer . . . . . 269 
Haig, S., Australian irrigator·--~--.. 258 
Haraszthy, Agoston, vitic11lturist . . . . 225 
Hard,A. A., supe1 intendent irrigation 
works.............................. 177 
Hasbrouck, Soloman, Idaho, clerk su-
preme court........................ 171 
Hay, P1·of. Hobert, chief geologist .. 3, 5, 18, 44, 
131, 1~9,147 
Pal!;e. 
Names mentioned or quoted-Continued. 
Hazleton, M. W .. • • • • .. ••• . .. • .. • • .. • • 112 
Hinson, Monsieur, French writer.... 279 
Hick, Prof. L. E., assistant geologist.. 139 
Hilgat·d, Professor, agricultural chem-
ist ............................... 51, 300,297 
Hill, Professor, assistant geologist .... 131, 139, 
140,215 
Hinton, Richard J., special agent in 
charge ....................... 3, 5, 11,237,250 
Holt, L. N., editor and horticulturist.. 22, 23, 
24,25,87 
Hobert, Edwin F.,U. S. surveyor-gen. 
eral, New Mexico.................. 31 
Holt, Samuel .. .. . .. . • .. .. . •• • • • • .. • • • 677 
Hunt, T. Sterry, geologist ...... ...... 41 
Hunt, G., Australian irrigator........ 255 
Hyde,J ohn, special agent U.S. Census 288 
Jeffrey, A. D., Aust.ralian irrigator... 259 
Jones, Marcus E., professor. . • . . . . . • • 58 
Kearney, Phillip, general,U. S. Army. 31 
Kleinschmidt, Albert ................ 158, 189 
La Grange, B. S., Colorado district 
water commissioner .....•...•.•.... 190, 193 
Lamborn, Charles D., land commis-
sioner, Nor·thern Pacific Raihoad.. 153 
Lanham, William .. . .. .. .. .. • • • .. .. .. 140 
Larem, Hans, Australian irrigator... 258 
Lethe by, Dr., English chemist . ...... 27i 
Lucey, J. L., employ6 .... • . .. ... .... •• 3 
Lyell, Sir James, geologist ........... 276 
Mangor, Monsieur, Hervt'i, French 
chemist ................. 270, 272,273,274,276 
Maslin, E. W., secretary California. 
State Board of Agriculture . . . .•••• 87 
Maury, Lieutenant, scientist......... 37, 38 
Meeker, M. C., agricultural editor.... 12 
Mills,T.B ........................... 57 
Mussen, James, Australian irrigator • 256 
McFadden, H. W., California. ........ 48, 52 
McGuirk, C. L., Australian irrigator • 257 
McPherson, Robert, horticulturist... 226 
Newell, F. H., U.S. Geological Sur-
vey ............................... 57, 288,289 
~ichols, George, Nevada Board of 
Trade .............................. 131,209 
Nimmo, Joseph,jr., special agent irri-. 
gation investigation ........ 112, 131, 173,177 
Nordhoff, Charles W., journalist and 
author, horticulturist . . • • • • . . • • . • • • 87 
North, Judge John Wesley, irrigator. 28 
Park wood, W. H., Oregon............ 169 
Parsons, George M, Idaho . .. . • . .. • •• 178 
Porter, ltobert P., Superintendent U. 
S. Census Office .. . .. . . .. . • • • • • • . • • • 288 
Pope, Gen. John, U.S. A.............. 43 
Pence, J. C., ranch man .. •. ....... ... . 175 
Price & McGavick, contractors .. .. •• 193 
Representatives, House of . .. .. .. .. •• 60 
Rusk, J. M., Ron..................... 2 
Russell & Bradley, ranchmen . . . . . . . • 203 
Thomas, Ron. A. L., governor of 
Utah............................... 58 
Treweeks, N., Idaho . .. .. .. . ... .. • • • • 178 
Sinclair, D.:~.niel, Washington.......... 163 
INDEX. 829 
Page. 
NameA mentioned or quoted-Continued. 
Shanklin, J. W., ex-surve-' or-general, 
California .••.•..•• , • . . . . . . . . . . . • • • • 48, 49 
Shaw, .I<'. W., Australian irrigator.... 257 
Shoup, lion. G. L., U.S. Senator...... 56, 174 
Smith, State senat<•r, Idaho........... 174 
Starrh, S. A., irrigator . . . . . . . . . • . • . • • • 177 
Stephenson, C. L., irrigator........... 188 
Stewart, J arne&, horticulturist........ 52 
Stewart, Henry, author and engineer. 43 
Stone, Edgar T ., irrigator.... . . . • • • • • • 163 
Streut.zel, Dr . .f., horticulturist....... 225 
Washburn,F.M., Idaho.............. 178 
Wausleben, W. A., draftsman .......• 
Wetherel, E., geologist............... 220 
West, J. W., Australian irrigator .... 253,255 
Wickson, Prof. E., author ............ 106,107 
Wilson, John B., irrigator ........ 156,157,158 
Wilki&, May E., Idaho .... .• . • .. . . ••. 178 
White, S.C., horticulturist.... . ...... 226 
Wright, G. G., Idaho................. 176 
Van Dyke, S. S., author.............. 24 
Viner, D. R., A ustra.lian irrigator.... 257 
o. 
Oceans, mention and reference to: 
Indian, the . • •• • • . •. . . . . . . . . . . . . . • . . • • 276 
Pacific, the currents and trade winds 
of .................................. 129,165 
Southern, the ...... ...... ...••• .... •• 242 
Office, U. S. Indian....................... 167 
Land...................... . 170 
P. 
Pass, Cahuenga, the...................... 84 
Pastoral interests: 
Baker City, at........................ 169 
New South Wales, in ................ 243,244 
Peoples, mention of: 
American, the .......... U, 19, 28, 34, 35, 149,190 
English, the.......................... 101 
French, tLe .•.••..................... 101, 119 
Indian, the ........................... 11, 30,32 
Italians, the ...................... 101, 119, 276 
Mexicans, the......... .. .. .. . . .. 30, 32, 44, 100 
Mormons, the .............. 12, 14, 100, 101, 205 
Moors, the .. . . .. .. . . .. • .. .. • .. • . .. . . . 102, 261 
Padres, Spanish, the.................. 28 
Spanlards, the ....................... 30,261 
Physical data, New South Wales........ 242 
Population of: 
Baker City, Oregon.................. 68 
California, south of.................. 21 
Great Plains......................... 17 
New Mexico . . . . .. . . . . .... .. .. . . . .. .. 57 
Pendleton, Oregon .. .. .. .. .. .. . • .. . • • 66 
States and Tetritories, in .. .. .. . • • • • • 127 
PJ•ecipitation, references to: 
America compared with Europe...... 279 
Average summer mean, Bismarck to 
Stockton . . . . . . . . . . . . . . . . • . . . . . . . . • . 128 
Distribution, east of the Cascade . • • • 165 
Local. on Gt·eat Pl~tins ........ ... .••• 97 
Mississippi River, basin of, in........ 37 
Page. 
Precipitation, references to-Continued. 
Moisture, Oregon wind............... 165 
Pacific Ocean, from t.bf3 . . . .. .. • • • . • • • 160 
Percolation, rain and snow, of....... 211 
River basins, amount of.............. 37 
Rocky Mountain reservoirs, period-
ically filled from, can be............ 94 
(Tables of) on meridians oflongitude: 
Ninety-seventh, the ...........•.. 128, 130 
One hundred and second, the ..... 128 130 
One hundred and seventh, the ... 128, 130 
On~ hundred and seventeenth, 
the . ..... .. .. . . .. .. .. . .. .. • . . . . . 128, 130 
One hundred and twenty-first to 
one hundred and twenty-fifth .. 129, 130 
R. 
Railroads, mention of: 
Algerian Desert, in .. • . . . •.. . .. . .. .. •• 50 
Arid region, miles of, in.............. 34 
Central Pacific, the .. • .. • . . . . • .. • • • • • 203 
Great Northern, the.................. 36 
Kansas Division, Union Pacific, the.. 44 
Montana, in .... .. . . . . . .. . .... .. ... • • • 86 
Nevada, Central, the................. 203 
New Mexico,in...................... 56 
Northern Paci.fic, the................. 92, 163 
Pacific coast,·on...... ............. ... 14 
Southern Pacific .................. 13, 49, 50, 91 
Southern and Central Pacific, the .. • . 20 
Rainfall: 
Absorption of........................ 122 
Agricultural, production dependent 
upon............................... 165 
Annual average of, Upper Missouri 
Valley ...... ~...................... 37,38 
Average, the . . . . . . . . . . . . . . . . . . . . . . • . . 48 
Beyond, the one hundredth meridian. 279 
Cascade Range, of the. . .. .. .. .. . • • .. . 160 
Colorado, average, in................. 93 
Colorado, desert, of...... . . . . . . • • . . • • . 49 
Disposal of........................... 218 
El Cajon, San Diego County, at .. .. • • 228 
Ellensburgh-Washington, at........ 128 
Enormous proportions, volume of.... 37 
Evaporations of...................... 38 
Frequent insufficiency of............ 269 
Iml.Jibitionof......................... 217 
Importance of........................ 38 
Increase of........................... 23 
Ma~aga, at .. . . .. . . . . . . .. .. • • .. .. . • .. . 228 
Maximum discharge, Central Mission 
Valley, in.......................... 37 
Measures, of . • • • • • . • • .. • . . .. .. .. . .. . • 135 
New South Wales, mean annual, of... 242 
Mojave Desert, loss by al.Jsorption of.. 39 
Normal average...................... 37 
Percolation, loss IJy.................. 38 
Plains, of the......................... 143 
Rain ga~ges, record of ............ 24,37, 38,39 
Raisin districts, of .. . .. . .. .. . .. . .. ... 228 
Range, of, The . . .. .. .. . . . . .. . • .. . .. . • 45 
San Bernardino County, of ... . .. . .. . • 48 
8an Diego County, of................ 128 




Value of ..•••••••••••••••••.•••••..•. 215,221 
Victoria, average, in . .••• •• . . . • • • • • • • 247 
Walla Walla, at...................... 16i 
Washington, East, in................. 161 
Wyoming, average, of................ 93 
Rapids, Priest . . . • • • . • • • •• . • • • • • . • • • • • . • • 164 
Regions: 
Arid, mention of .•••••..••.•.•.... 15, 16, 24, 30, 
32, :13,34-,35, 47, 60, 84, 87, 101, 129, 
159, 160, 165, 166, 167, 209, 221, 300 
Black Hills, the . •• • • . . . . • • • . . . • • • . . . . 42, 59 
Black Prairie, the .••••.•......••••.. 14-0,217 
Desert, the........................... 48,51 
Foothills, east of, the................. 16 
Fruit, the............................ 19 
Fort Worth, at. . . . . • • . • • • •• . . • • • . . . . . 140 
Grand Prairie, at •...•••.•••••..•...•• 140,217 
Great Plains, the . . . • . . • • . . . . . . . . . . . . 15, 
16, 17, 22, 23, 33, 35, 41, 96, 97, 147 
Intra-mountain, the _ . • • • • • • . . . . . . . . . 44 
Llano Estacado, the ....••••••.... 19, 26, 43,217 
Mid-Plains, the . . • • •• . . . • •• . . •• •• . . . . 142 
New River, the...................... 48,49 
Pacific Coast, the . .• • . • . . . • . • . . •• • . . . 16 
Panhandle, the....................... 43 
Plains, the Great..................... 33, 38 
San Francisco Bay, about............ 13 
Sea-plane, sections of................. 41 
Semi-arid, the........................ 61, 62 
increase of population on . 126 
Southwest coast, the . . . • . • . • ••• •• . • . . 11, 16 
Texas, in............................. 216 
Trans-Pecos, the..................... 216 
Treeless, the • . . . . . . . • . • . • • • • • . . . • • • • • 36 
Upper Missouri, the......... ••• .••• 36 
Wood River, the..................... 178 
Reservations, Indian, the .....• .••. .••••• 28 
Fort. Hall.......... 176 
Umatilla, the . • •• •• 167 
Yaldma, the . . . .•• • 160 
Reservoirs, mention of: 
Antelope Valley, in.................. 54 
.A.ction by Congress in regard to...... 15 
Arid regions, sites in, for.... . . . . . . . . . 34 
Bear Valley, in ......•......•.. 23, 54, 88, 89,100 
Big Lost River, facilities for......... 173 
Boise County, Idaho, in.............. 173 
California, being built in............. 23 
capacity of............... 89 
most important in........ 88 
Ca11sia County, cost of construction in. 175 
Cache La Pondee Valley, in.......... 190 
Circular.............................. 108 
Colorado, number of, in............... 55 
Dodge Uity, farm, at................. 46 
Denver, capacity, number, sites at.... 93,94 
Elongated................ . . . • • • . • • • • • 122 
Great Plains, on, farm. • • • • • . • • • . . • • • • 96 
Guyamaca, the....................... 23 
Hemet Lake, the...... . • • • • . . • • . • • • • . 23 
Hido.len Waters, the.................. 205 
Home supply for ..•...•. .,........... 192 
Idaho Mining and Irrigation Co., the. 172 
Idaho, sites in........................ 56 
Page. 
Resarvoiu, mention of-Continued. 
Kacllass Lake, at .................... 161,162 
Kecchelus, at .••..•••.••••.....•..••. 161,162 
Long Pond, at........................ 190 
Loam, use of, in . • • • • • . . • • . . . . . . • . . . • . 46 
Mariana, at . . . . . • • . • • . • . • . . . . . . . . • . • • 192 
Mojave Desert, in . • • . . . • . . •• . . • • • • • • • 50 
Moses Lake, at....................... 16J. 
Nat uraL .•.......••..••••.•..•....... 48, 89, 94 
New Mexico, in . • . • • • . . . . . • . • • • . . . • • • 56 
Pueblo, at, depth of.................. 9J. 
Reservation on, sites for . . • . • • . . . . . • . 15 
Regulated size, of .....•...... , . . . . . . . 108 
Replenished, by undersheet waters.. 41 
Replenishing of, by dams............ 89 
San Bernardino, in . . . . . • . . • . . • . . . • • • . 54 
San Bernardino Mountains filling 
gradually.......................... 89 
San Luis Rey, at . . . • . • . . • . . . . . • • . . . . . 23 
Santa Ana, at . • • • . . . • •• . . . •• • . . . . . . . . 89 
Semi-artificial. . • . . • • • • • . • • . . • . • . . . . • • 259 
Storage, for ..••..••••.•.........••. 91, 155, 157 
Succession of........................ 143 
Sweet Water, at...................... 23 
System, proposed, of . . . . . . . . . . . . • . • • • 37 
Table of ..••...•••..•.••...•••........ 120, 121 
Tannum, at . • • . . • . . • • • • . . . . . • . • • . . . . . 162 
Terry Lake, the...................... 190 
Tlecalurn, at......................... 161, 162 
Trenches, by......................... 122 
Underground . . . . • • . . . . •• . •• • •• . .• . • • 42 
Waucus Lake, at..................... 191 
Reports, references, and quotations: 
Alkali waters in California, in ...•..• 297-30:! 
Annual, Department of Agri<1nlture.. 290 
Arid lands, Seaate Irrigation Com-
mittee on .•••••. ...•• •• ..•••• .•.••• 205 
Arizona, acting governor, by......... 57 
Senate committee, on........ 51 
Artesian and underflow, investigation 
for................................. 139 
Australia Royal Commission, of . ... .• 279 
California grape cultivation by irri-
gation .... 106, 107,225, 226, 227, 228 
.229, 230, 231 
taxable values ot .•••• ·•.... M 
physical data, etc., of...... 109 
State Agricultural SocieLy 
of ... :................... 225 
Colorado, Agricultural Experiment 
Station, of...... . . . . . . . . . . . • . . . . . . . . 185 
El Paso, Tex., its artesian possibili-
ties ..••.•. •... .••. .•. ..•.•. ••••.••• 139 
Geological, U.S. Survey, of ....••... ~. 57 
Griffin, United States consul.......... 244 
Idaho, on .......•.•••...•••••.••... 170, 175-178 
Nevada, from, artesian ..•...•..... 199, ~01, 302 
Water, on ..•......•••••....... 203, 204,205,206 
New Mexico, from ...•..... 30, 31, 56, 57, 99,100 
NyeCounty, Nev., on phreatic waters 
in.................................. 209 
Pbrenix, Maricopa County........... 290 
Rocks, imbibationof .. 215, 216,217,218,219,220 
221 
Tanks, on............................ 248 
INDEX. 831 
I' -age. 
Reports, references, etc.-Contmtted. 
Wells, in Texas, Professor Hill's...... 140 
Wyoming, on ...... ...•.•...••• ...•.. 74 
Rivers, mention of: 
Arkansas ..... 18, 37, 42, 45, 56, 94, 97, 98,143,148, 
192, 193 
A:merican . • • • . • • • • . . . . •• • • • . • • • • . . • . . 53, 92 
Arno................................. 276 
Arickaree...... .. . . . . . . . . • • . . . . • • . . . . 44 
Bear ............................... 76, 175, 194 
Big Horn............................. 76 
Big Thompson . • • . • • . . . . • • . . . . . . • . . . . 191, 192 
Big Sandy............................ 142 
Big Wood............................ 173 
Boise .....••.•.•••.......•..••••...••• 171,172 
Brazos ............................... 217,218 
Bruneau . . . . •• . . •. . . .. . • ... . .• . ..•••• 176 
Canadian . . . . • • . . . • . • . • . . . • • . . • • . . • • • 42 
Carlton Creek........................ 192 
Carson............................... 205 
Cimanon ........................... 18, 42, 143 
Columbia ...... 40, 163, 164, 165, 166, 171,204, 250 
Colorado .................. 48, 49, 51,217,218,250 
divisions of................. 184 
Culbertson...... .• . • •• . . • • •• . . . . . • . . • 141 
Darling.............................. 37 
Delaware . ••• • • . . . . . . . . • • • • . . . . . . • • • • 44 
Durance . . . . . . . . • • . • • • • • . . . . . . • . . • . . • 276 
Elbe ................................. 37 
Feather .. .. .. .. • • •• .. . .. . .. .. . • .. . .. . 202, 226 
Frenchman .. • . .. .. • .. .. . ... . .. . . . .. . 44, 143 
Grand ................................ 191. 194 
Gunnison . • • .. .. . .. .. .. • • . . ... • . . . • • • • 194 
Ganges, India .. .. .. .. .. .. ... .. • . .. .. • 276 
Green...... .. .. . • .. .. .. .. .. • • .. .. .. .. 75, 76 





Little South Fork.................... 191 
Little Wood .......................... 173,174 
Los Angeles......................... 91 
Lost................................. 173 
Loup................................. 143 
Murray . .. • • • .. ... • • .. .. • .. . .. • .. . . .. 37, 253 
Muddy............................... 205 
Missouri. ...... 34, 36, 37, 41, 75,147, 155,179,250 
Mississippi, the...................... 36,38 
Mud deposits by..................... 274 
New Mexico and Texas, of........... 216 
Niobrara, the ................... 18, 42, 142,143 
Nitrogen in Alpine mud, from .. .. . .. 275 
Ohio, the...... . . . . .. .. .. .. .. .. • .. • .. . 37 
Origin of Mountains .... •• .. • ... . • • • • 142 
Plains .. .. . .. •• • • . .. .. .. .. • . 44, 142 
Owens, the........................... 143 
Owyhee. the ......................... 175,176 
Pabsamarie, the...................... 174 
Pecos, the ....................... 42, 99, 100, 143 
Po, the............................... 226 
Poudre............................... 191 
Powder, Cache la, the . • . . . . . . . . . . . . . . 168, 169 
Platte, North and South, the .. 18, 42, 75, 97,139, 
142, 143, 191 
Page. 
Rivers, mention of-Continued. 
Prairie Dog, the ...................... 96,143 
Raft, the ............................. 175, 178 
Red, the ......•.. 37, 42, 43, 42, 142, 1(3, 217, 218 
Reese, the............................ 203 
Republican, the .......... 18, 44, 97, 139,141,143 
Rio Brazos, the....................... 42 
Rio Colorado, the . .. .. .. .. .. .. . • • • .. • 42 
Rio Gran de, the .................. 30, 36, 42, 14 7 
Rio Virgin, the........................ 205 
:::!anta Ana, the. . .. .. .. .. .. .. .. . • .. .. . 88, 89 
Santa Cruz, the...................... 44 
Seine, the...... . .. .. • .. .. .. .. • . . • .. .. 37, 271 
Severn, the........ .. . • .. .. .. .. . • .. • • • 216 
Soutb Boise, the...................... 173 
South Platte, the ................... .42, 75,139 
Sun, the...................... • • .... .. 157 
Shot Gun, the........................ 171 
Smoky Hill, the ...................... 141,143 
Snake, the ........... 75, 76, 92,110,163, 171, 17J, 
175,176, 177, 178 
Spokane, the...... .. .. • .. • .. .. • • .. • .. 160 
Sabine, the........................... 43 
Sacramento, the...................... 226 
Salmon, the.......................... 176 
San Bernardino, the . .. .. • .. • .. .. . .. • 91 
San Diego, the .. .. .. • .. .. .. .. . .. .. • • • 90 
San J oa.quin, the..................... 14 
Truckee, the......................... 201 
Thames, the.......................... 37 
Tularvia, the......................... 216 
Tongue, the.......................... 151 
Umatilla, the ..................... 166, 167,168 
Var, the .............................. 276,277 
Weiser, the .......................... 171, 179 
Wood, the............................ 171 
White, the........................... 37 
White Water, the.................... 88 
Yuba, the............................ 226 
Yellowstone, the .............. 15, 42, 75, 93, 152 
Yazoo, the........................... 37 
Yakima, the ....................... 92, 161,163 
Rocks, character of, etc. : 
Archean............................. 41 
Basaltic.............................. 158 
Difference in...... . .. . .. . .. .. .. . .. • • • 215 
Mountains, composition of........... 216 
Red beds............................. 216 
Structure of.......................... 215 
Water capacity ........... 131, 213, 215, 216, 219 
s. 
Seasons, in relation to Irrigation : 
Dry in 1889 and 1890 ................. . 
Irrigable ............................ . 
Prickly Bear Valley in ............. . 
Planting ............................ . 
Seepage ................................. . 
Artificial. ........................... . 
Nile, Egypt, ofthe ................... . 
Vineyard for, advantages of ......... . 
Settlements: 
Great Plains, on .................... . 













Xew Mexico, in...................... 31 
Riverside, the........................ 29 
San Luis Valley, in.................. 47 
Soil: 
Aeration of.......................... 283 
Alkali ......•.............•....... 286, 295, 297 
Baker City, Oregon, at................ 168 
Black Prairie, of..................... 217 
Capillary, powers of .................. 123 
Cassia County, of.................... 175 
Clay . . . . . . . . . . . . . . . . . . . • . . • • . • • • • • • • • 123 
Currants, best snite(l for .....•.•••.•. 
Dry bog ....••..................•.•••• 
Garden ........•..•..•......•.•.....• 
Grand Prairie, of .....•....•.•........ 
Hardpan when irrigated ..••.......•. 
Irrigation, effect on ..•.••.•.•.•.••.•• 
Mississippi Bottom, of . .........••... 
Mojave Desert, of, Hilgard's analysis 
Muck lands for ................••••.• 
Nevada, quality of, in .••..••.•...•... 
Nitrogen, liquefied, in .............••. 
Physiochemical, analysis of good 
olive ..............••.....••••...... 
Sandy ........•.•..•••.•..•....••...•. 
Sandy sub ................•.•.....••. 
San Luis Park, stratum beneath ....•• 
Seepage of ........••.•..••...••....•• 
Stream tillage of .........•......•.••• 
Silt, trench-filling ....•......•.....••• 
Trmity sands, of ..............•...•.• 























Califomia •.. 11, 12,13,14, 16, 19, 20, 21, 22, 24, 25, 
26, 28, 30, 38, 39, 40, 4!, 47, 48, 49, 
50, 52, 53, 51, 60, 84, 86, 87, 88, 91, 
92, 94, 100,101, 105, 106,107, 108, 
109, 112, 114, 116, 119, 132, ~02, 
225, 227, 229, 2 32, 233, 259, 282 
Colorado ..... 2, 12, 13,14, 16, 18, 19, 22, 30, 38, 39, 
39, 40, 44, 46, 47, 52, 53, 56, 59, 60, 
84, 86, 88, 93, 95, 98, 101, 103, 108, 
111, 139, 142, 147, 152, 183,184, 189 
Dakota, the North anti South . . 2, 17, 18, 36, 37, 
38, 40, 48, 52, 53, 
59, 60,108, 142, 143 
Florida . . . . • • . . • • • • . • • • • • • . • • . . . . . . . . 22 




Kansas ...... 2, 18, 30, 34, 40, 42, 43, 44, 45,46, 52, 
53, 56, 59, 60, 61, 84, 95, 96, 97,131, 





Montana .... 2, 25, 40, 52, 53, 58, 60, 85, 86, 93, 129, 
131,143, 153,165,171,177,179,250 
Nebraska ......• 2, 17, 18, 34, 37, 40, 44, 45, 52, 53, 
56, 59, 60, 61, 95, 97, 111, 131, 139, 
140, 141, 142, 143, t47, 148, 250 
Page. 
States, names, etc.-Continned. 
Nevada ............ 32, 44, 52, 5:J, 59, 60,114, 131, 
175,176,201,209,210,211 
New York ........................... 111,122 
Oregon ........ 40, 52, 53, 58, 59, 60, 61, 85, 92,114, 
165, 167,170,175,176,179 
Texas .......... 2, 11, 12, 16, 19, 26, 30, 40, 42, 43, 
52, 59, LO, 61, 85, 99, 100, 107, 
13!!, 140, 141, 142, 216, 218, 250 
Utah .•. 12,14, 16, 22, 32, 40, 52, 58, 60, 93,171,175, 
178, 188 
Washington ...... 22, 25, 40, 52, 53, 58, 59, 61, 86, 
92,110,161 
Wyoming ... 2, 40, 52, 56, 58, 59, 60, 75, 93,143,165 
Surveys: 
Colorado, in, reservoirs for........... 191 
water district of . . . . . . . . 193 
Geological, U. S ............. 53, 55, 56, 67, 58, 60 
Government, demand for............. 178 
System of, for arid region............ 32 
Systems: 
Arizona, Salt River Canal in......... 98 
Artesian ...... ~........ ............. 118 
Bear Valley, in ...................... . 
Canon and gorge in ................. . 
Dakota surface supply, source of ....• 
Distribution by tlnmes, of ........... . 
Division of, used in Spain ..........•• 
Land laws of New South 'Wales, in .. 
Module for water measurement, Ital-
ian method ...................... .. 
New sub-canal, the ................. .. 
Ontario. colony pipe, the ..•..........• 
Oriental, the ........................ . 
Poso and Calloway Canal, the ....... . 
Storage reservoirs, of . .............. . 
Telephone distribution of, water by .. 
Waterworks west of ninety-seventh 
meridian, No. of .................. .. 
T. 
















Alkali waters, of ..................... 297,301 
Areasofirrigable and irrigated lands 52, 53, 60 
.A.rizuna, relating to ... 52, 57, 58, 60, 121, 290,291 
Australia, for, land, cattle, wells, etc .. 242, ~44-, 
245,246, 247, 248,285 
Avoirdupois weight, ,of. .. ........ .... 136 
California, relating to ....... 21, 24, 29, 52, 53, 54, 
60, 61, 63, 82, 85, 86, 87, 
91, 109, 121, 125,126, 127, 
130, 297, 298, 300, 301, 302 
Chemical compo~ition of pure water. 131 
Cisterns, United States standard, ca-
pacity of........................... 135 
Colorado, relating to ........ 52, 55, 56, 60, 61, 62, 
63, 95, 125, 126, 127, 130, 
183, 184, 185, 186, 187, 188, 
189, 190, 191, 195, 196, 197 
Cubic feet, gallons in................. 134 
Egyptian wells, of ................... 277,278 
Egyptian measure................... 134 




Tables, in report, etc.-Continued. 
Idaho, relating to ..•.. 52, 55, 56, 62, 63, 125, 126, 
127, 129, 130 
Kansas, Western, of, to .............. 52, 59, 60, 
61, 62, 63, 96, 125, 
126, 127, 130, 287 
Long measure, of.................... 135 
Montana, reference to ..... 52, 60, 61, 62, 63, 125, 
126, 127, 129, 130 
Nebraska, Western, referenceto .. 52, 59, 60, 61, 
62, 63,130 
Nevada, reference to ...... 52, 60, 61, 62, 63,121, 
129, 130,288 
New Mexico, reference to ... 52, 60, 61, 62, 63, 99, 
125, 126, 127,128, 130 
North Dakota, reference to .. 61, 62, 63. 125, 126, 
. 127, 128, 130 
Olive soil, physical chemical analysis of 51 
Oregon, Eastern, reference to .. 52, 59, 61, 62, 63, 
125, 126, 127, 130 
Pumping of water, power required... 133 
Rainfall, measure of...... . . . • • • . • • . . • 135 
Snow and ice, specific gravity of..... 132 
South Dakota, reference to . ...... 52, 60, 61, 62, 
63, 125, 126, 
127, 128, 130 
Square measure, of................... 136 
Surveying measures, of...... . . . . . . . . 136 
Texas, Western, reference to ..••. 52, 60, 61, 62, 
63, 125, 126, 
127, 128, 130 
Utah, reference to ...... 52, 58, 60, 61, 62, 63,130 
Volume of rainfall, of................ 37 
Washington, Ea<itern, reference to... 52, 59, 
60, 61, 62, 63, 125, 
126, 127, 129, 130 
Wyoming, reference to .... . 52, 58, 60, 61, 62, 63, 
125, 126, 127, 130 
Incorpotated ditch companies in Ari-




Land, of average yield with and with-
out irrigation................ 140 
under ditch, arid and semiarid 
regions....................... 60 
in farms, production of, arid and 
semiarid region .. . . . .. . .. . .. .. 62, 63 
Nile River, analysis of water during 
one year.............. . •• . • • .. . • • • . • 277 
Nitrogen .. . . • . . . .. . • • . .. . .. .. . . .. • • • . 273 
Pipes, at Virginia City, Nevada ...... 114,115 
Precipitation-East and West, arid 
and semi-arid region ........... 128, 129, 130, 
135, 136, 218 
Reservoirs-North Pourdre Canal .... 191,192 
Rocks-absorbent, power of . ......... 219,220 
Soils of............................... 123 
Snow, weight of...................... 132 
Springs, foothill-analysis of .... ,.... 301 
Temperature, on or near ninety-
seventh meridian of................ 130 
Trusts, organized inN ew South Wales 246 
Water, relating to, of ................. 131,132 
Page. 
Tables, h1 rep ort11, etc.-Continued. 
Water-square, measuring of........ 136 
eotimated quantity raised by 
pumping .................. 133,134 
saturation and imbibition . ... 219 
Wells at experimental station near Tu-
lareCity.............. .............. 3{)2 
Yuma County. canals ............ .... 291 
Temperature, mean annual, Australia, in. 242 
Ten-itorie~:~, names and mention of: 
Arizona ........ 11, 19, 22, 30, 32, 40, 44, 52, 53, 56, 
57, 58, 98, 99, 289. 290 
Indian ............................... 2, 30, 140 
New Mexico .......................... 2, 11, 12, 
14, 16, 19, 22, 26, 30, 40, 4.3, 52, 
53, 60, 86, 99, 100, 139, 216, 250 
Utah ................................ 11,40, 178 
Wyoming............................ 175 
Towns, etc., in ari!l region: 
Albion............................... 177 
Anaheim...... .. . • . • • . • .. .. . . . . . . . .. • 48 
Austin............................... 140 
Baker................................ 168 
Baker Cit..Y............ . . . • . . • .. .. • • • • 92, 169 
Bakersfield . • .. • . .. • • • • .. . .. • . .. .. . • . 5i 
Bakerville .. .. . . .. .. • . .. . . • • • . . .. • • . • 27 
Battern ............ .................. 99 
· Battle Mountain .. .. . . . . . . . . .. .. .. . .. 203 
Bay City............................. 116 
Belmont . . .. .. • .. . • •• ... • . • . • .. .. .. . 131 
Bent Fort ............................ 192 
Benkleman .......................... 139,141 
Bouches, du Rhone................... 279 
Boise City ........ 25, 56, 85,86, 92,103,171, 172, 
Bozeman ........................... .. 




Camas Prairie....................... 174 
Carson... .. • . . .. . . .. .. . • . . . . . . . . . .. . • 202 
Challis . .............................. 174 
Cheyenne . .. .. . .. .. • . . . .. .. .. .. .. . . .. 45 
Chicago.............................. 112 
Chichuahua.... ... . . . . . . . ... . .. ... . .. 26 




Denia ....................... ........ 221:1 
Denver .................... 42, 45, 84, 93, 94,193 
Dodge ....................... 42, 46, 97,142, ~86 
Downey .................... ~......... 52 
Eagle Rock . . .. . . • . . . . . .. . . • . .. .. .. .. 129 
Eddy .. . . .. . ... •• . • .. .. .. . • . . . . . .. . .. 99, 100 
El Paso .. .. .. .. .. . . .. . .. . . .. . . . • .. • .. 26, l 39 
Elbe, in Spain............ . . .. .. • • .. • • 102 
French Camp .. .. •• .. .. . .. .. • . . .. .. .. 112 
Fresno ................... 12, 14, 27, 83, 225, 226, 
227, 228, 229, 232 
Folsom............................... 92 
FortBuford.......................... 37,41 
FortCollins .......................... l!lO, 191 
Fort flaJl................. ... . . .. • ••. 176 
Fort Thomas......................... 290 
Fort Wallace .. . .. • • . ... . .. .... ... .. 141 
Fort Worth ......................... lO!l, 140 
334 INDEX. 
Page. 
Towns, etc., in arid region-Continued, 
Garden City .....•.•...•............ .45, 97, 98 
Great Falls........................... 93 
Greely ........................ 12, 13, 14, 55, 84, 
111,191 
Glen rose............................. 140 
Grenada ............... ,............. 84 
Hailey............................... 178 
Hanford............................. 20 
Hartland ............................. 45,142 
Helena...... . .. .. .. . .. .. .. .. . . .. . .. .. 129, 154 
Highlands .. . .. . . • .. .. . . .. . . . .. . . .. . . 89 
Hollister............................. 20 
Houston ............................. 176,177 
Idaho Falls .. .. .. .. . .. • . . .. . . . .. • .. . . 175, 176 
Imperial . . . . . . .. .. .. . . . .. • . .. .. .. • .. . 42 
Indian W ella...... . .. .. . .. .. • .. .. • •• . (9 
Jessie................................ 177 
Julesburg............................ 319 
Kansas City.......................... 170 
Kiowa................................ 92 
Laredo............................... 54 
Lake Vineyard....................... 116 
La J1mta ............................ 187, 193 
Lamar ............................... 187,192 
Lampasa~.......... ...... ............ 43 
Lancaster............................ 30 
Lincoln,............................. 139 
Little_Falls .......................... 111 
Los Angeles ....................... 91, 116,259 
Loveland . .. .. . . . .. .. ...... .... .. .... 191 
Lowell............................... 103 
Meade Centre . .. .. . . .. .. . • ...... ... .. 97 
Melbourne, Australia ................ 131,282 
McCook.............................. 139 
Miles City .... .. ... .. • .. .. .... ... .... 151 
Mildura.... .... . ... ............ ...... 257 
Millsop .............................. 140 
Minneapolis...... . . .. .. . • .. . .. ... . . .. 153 
Minneola............................. 111 
Missoula............................. 25, 160 
Mojave Station....................... 39 
Monte Vista......................... 194 
Moorapoona ......................... 253 
Mollntain City....................... 175 
New Castle .. . ... ...... ..... .. .... ••• 26 
North Platte......................... 45 
Norton............................... 139 






Paris .. .. • • .. • .. • • . .... .. .. .. .. .... .. 271, 277 
Pasadena . .. .. • .. • .. .. • .. • • .. .. .. . • .. 20 
Pasco................................ 163 
Pecos City........................... 100 
Pendleton ........................ 165, 167, 168 
Pbrenix.............................. 129 
Piedmont ...... ...... ...... .... ...... 279 
Pomona.............................. 20 
Portland ••••..•••••••...•..•••.••. 170, 171,179 
Paso................................. 54 
Pueblo .............................. 56, 94,193 
I' age. 
Towns, etc., in arid region-Continued. 
Queensland.......................... 242 
Redlands ........................... 84,87,230 
Reno .......................... 131, 2{11, 202,204 
Riverside ......... 12, 14, 20, 27, 28, ~9, 30, 87, 91, 
226, 227, 22i} 
Rocky Ford.......................... 193 
Rol:!ebud Station..................... 152 
Rosewell ............................. 19, 99, 43 
Salt Lake ........................... 11, 92,178 
Salton............................... 49 
SantaBarbara. ... :............ ...... 20 
San Bernardino .. .. . .. • . . .... .. .. .. .. 11, 22 
San Jacinto.......................... 23 
San Jose............................. 225 
San Francisco ................... 14, 21, 92, 114 
Shasta . . .. . .. . .. .. . .. .. . .. • • . .. . • .. .. 54 
Spokane Falls.... .. . .. .. .. .. .. . .. . .. . Hio 
South Park.......................... 188 
St.Paul.......................... .... 153 




Valencia ............................. 228,229 
Vaucluse............................. 279 
Virginia City.......................... 114 
Waco ................................ 139,140 
Walla Walla ....................... 86, 161,165 
Wampa.............................. 92 
Washington, D. C ........... 1, 2, 3,139.176, 288 
Weatherford. ... .. .. .. .. ... .. .. .... .. 140 
Weiser ............................... 171,179 
Wells ville . .. .. .. . .. . .. .. .. .. .. .. .. • • 1<:!2 
White Plains ...... .... . . .... • ..... .. 203 
Wigwam............................. 94 
Woodland ............................ 225, 226 
Yante...... .......................... 21l2 
YubaCity............................ 226 
Yuma ................................ 48, 49,52 
Yorktown............................ 85 
Trt1aty of GuadalupeHidalgo,water 
rights under .......................... . 
Trees, mention and names of ..••.......••• 
acre, number of, to .............. .. 






deciduous .. .. .. • • .. .. • .. • • • .. • .. .. 27, 29 
fig................................. 52 
fruit .............................. . 
seeds of, irrigated ............... .. 
grafting of ....................... . 
live oak ......................... .. 
mesquite ........................ .. 
mode& of propagating ............ . 
orchard· ........................ .. 
pines ............................. " 
plains, Kansas and Nebraska, on the 
transplanting .................... . 
watering of ....................... . 
Tribune, New York, mention of ......... . 













Antelope .......... _ .................. 39, 50,54 
Arkansas ....... 5,18,42, 45, 46, 56, 95, 97, 98,286 
Armagosa......... .• • .. . .. . . . . . .. .. •• 48 
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Lost River ......................... .. 174 Action-double manner of .••.•••..••• 
Madison . . . . . .. • . • .. . .. .. .. .. • • .. . .. • 153 
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Mississippi, Upper................... 37,38 
Missouri River .. • . .. • .. • . . .. .. .. .. .. 157 
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Pleasant............................. 201 
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Republican .......................... 139,141 
Sacramento.......................... 13,14 
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Spokane............ .. .. • • .. .. .. .. .. .. 160 
Squaw ................ ............... 140 
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Algerian Desert...................... 50 
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.A.rtet~ian, Australia: New South 
Wales ..... 244,245 
Victoria..... 247 
Queensland . 246 
in NeTada .................. 201,205 
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Bear Lake Company, so·~.o.rces of...... 175 
Bed Rock, drain flow, by ...... ....... 155 
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Code commissioners in Colorado...... 71,76 
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New Zealand . .. .. .. .. 240 
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Queensland...... 246 
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Cubic mile of, river contains one..... 286 
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Drains, pressure on .. .. .. .. .. .. .. .. .. 120 




Depth of natural . . . . . • . • • • • • . . • 33 
Digging for . . . . . . . . • • . •• . • . . • • . . 47 
Disappearance of..................... 162 
District, proct'edings ••••••......•. 55, 185, 190 
Distribution of .....•.. 18, 26, 28, 91, 280, 281, 282 
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Elevation and volnmo of............. 33 
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Gas held in solution by ............... 271, 272 
Great Northern Railroad, along the 
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Habits of, efforts on rock~:> ....•••..... 220, 221 
Imbibition, earth's powers of ....... il8, 217,219 
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Industrial, use of..................... 73 
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Levee gate, contour system . •. . •••••• 104 
low............................ 104 
Loss of............................... 38 
Master; a............................. 31, 101 
McClelland Crook, underflow of, at . . 155 
Measurement of ........... 100, 101,102,136,177 
Inch of, wl1at is meant by an . . . . . . . . . 152 
Miner's inch of ............ 101, 132,170,176,177 
~Iethod8 of procurement and investi-
gation of.......... ... . . . . .. . ... . 147, 148 
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Module based on principles and ex-
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careful readjastment of...... 103 
mihmrse or sol dale........... 103 
Milk River Valley. . . . . . . . . . . . • . . . . • • . 36 
Moving nuder Staked Plains regions. 43 
Natural sources of................... 33 
Nitric of ammonia and nitric acid in. 270, 271 
Nitrogen contained in muds.......... 275 
Orchard, quantity of, required to irri-
gate................................ 257 
Pastoral supply............ . •. . . . • • •• 32 
nniqne syfltem of............ 2!2 
Periodic use and f<tll of . . . . • • . • •• . • • • 98 
Watflr-Contlnued. 
Phreatic, absorptive pow~r, greatest. •2 
Arkansas River Ba!!in . . • • . 97 
diSCUSSion Of............... 46 
flow........................ 85,89 
N eva.da . . . • . . . . • . . . . • • . . • • • 207 
Nort.h Platte Basin......... 97 
Pipes for carrying . . . . . • . .• •• • • . . . . . • 114 
as drains . . . . . . .•• • • • . • • . . . •• . • 115 
manufactured of concrete..... 117 
reservoir of round tile......... 123 
wood, of............ . . . . • . • . • • • 116 
Primary, application of ...••• : ....... 30 
Promoting of......................... 101 
Pumps, at Philadelphia Centennial .• 110 
centrifugal. ..•• ~ ...•••....•.. 110,111 
electrical..................... 111 
Pumps, pnlsometer . . • • • • . • • • • • • • • • • • 111, 159 
va(lnnm. ..•••.......••....••• 111 
warranted to stay up . . . . . • • • 111 
windmill...... . . . . . . • . . . . . • •• 111 
Public control of..................... 32 
watering places N. S. Wales.. 244 
Pumping, expense of................. 110 
Rattlesnake Mountains, from........ 163 
Rocks, holding capacity of . . . • • •• . • • . 219 
saturation of.................. 40, 4l 
Rocky bed, of creek...... . . . . . • . . . . • • 93 
Restoring los_t........ .••••.. .. . .• . . •. 50 
.Reservoir from storage in stratum . . . 46 
Record for self-registering plane..... 98 
Rights, cost of........................ 192 
proprietary . • • • • • • • • • •• . •• . • • 63 
priorities..................... 74 
riparian...................... 63 
South Dakota, in............. 63 
France, in. . . . . . . • • • • • . • . . . • • . 239 
India, in • . . • . . • • . . • • • . . • . . • • • 239 
Italy, in...................... 239 
Spain, in . . . . . . . • • . • • • • • . . . • • • 239 
domestic use of . . . . . • • • . • • . . . 70 
Idaho........................ 177 
Washington County... 171 
Montano..................... 177 
secured...................... 91 
royalty, cost of............... 27 
running, obstacle interposed 
by laws of Oregon . ........ 167 
sand boxes for . . . . . . • . . . . . • • . 105 
sediments, special uses of, in.. 215 
seepage, lines of.............. 20i 
service of.......... • .••••. 63, 100, l 08 
Sheds, Bear River ....••....••.•••..•. 171, 175 
Big Prickly Bear...... . . • • . • • • 15i 
lines of...... . . . . . . • . . . • • . . • • • • 241 
Little Prickly Bear............ 154 
sheet-theory, of . . . . . . . . . . . . . • . 218 
streams, sinkmg out of sight.. 44 
solid matter held in suspense .. 274,275 
Springs, Colorado, in . . • . . •• • • • • . • • • . • 94 
development of... . ..••••.. •. 255 
enormous size at Lampasas, 
Tex....................... (0 
protected by law in arid re-




Springs, value of, for irrigation....... 43 
mountain :flow of . . • • • • . • • . • • 205 
Mojave Desert, in............ 50 
Nevada, location of hot and 
cold . . . . . . . . • . . . . . 204, 206 
natural, in.... . ...... 203 
soda, in . . . . • • • . . . . . . 204 
Steam, raised by. . . . . • • . . . . . • • . . . . . . • 112 
Stop gates for. . . . . . . . . • • . . • • • . . . • . . . . 104 
Storage distribution . .. . . . . . . .. • . .. • • 190 
11ites..... .................... 34 
natural, of................... 171 
increasing of................ 93 
Stored and distributed............... 31 
in tanks..................... 106 
Storing of . .. . .. . . . .. . . .. .. . . .. . . .. .. . 36, 88 
Stratum of water. . . . . . . . . . • • .. . • . . .. . 202 
Strata, water-bearing ................ 139,201 
percolated by................. 202 
saturated by.................. 97 
transmitting.................. 112 
permea_bility and retaining 
powers of. . .. . . . • . . • • .. . . .. . 40 
Streams, of........................... 119 
Surface, restoration of subterranean.. 39 
Subterranean basin, value of, depends 
on drainage area...... 41 
in Cassia County....... 175 
Surface . . . . .. .. . . .. . . .. . . . .. . .. . • . . •• 46, 4 7 
Surplus . . . . . .. .. .. .. .. . . . . .. . .. . .. . .. 105 
Supply of .................. 23,104, 183,193,297 
abundant by springs......... 42,43 
basin or local drainage........ 44 
Eoise City, discovery of...... 172 
beneath the surface. . .. .. . • • • 210 
centrifugal pumps............ 252 
Colonial department accounts 248 
Colorado, source of........... 183 
dam or weir... . .. .. . . .. . • • • •• 252 
galleries, sinking by.......... 45 
increased, by storage. . . . . . . . . 154 
Italy in .. .. . .. .. .. . .. .. . .. • • • 279 
Kern County, in California... 54 




Supply, methods of................... 252 
mountain areas, of............ 40 
New Pueblo, at.............. 94,95 
public management, in Wyo. 
ming ....................... 75 
pnmps . .. .. . • .. . . • . . • . . . . . . .. 46, 123 
progress of, in certain lines 
during year................ 190 
running ........... '" . . • • . • • • • 30 
San Francisco, at. . .. • • . •••••• 114 
towns, of..................... 40 
tube wells . .. . . .. . .. . . .. •••••• 123 
underflow, experimenting 
with .. ..................... 4.5 
underground in .Arkansas Val-
ley......................... 97 
under sb.eet, the............. 45,47 
underflow, the ..••••.•••••. 28, 143, 148 
evidences of ....... 167,169 
vapor engine by.............. 46, 211 
Virginia City, at............. 114 
wells by . . . . • • .. • • • • • • • •• • • • • 123 
windmills by. .. . .. . • . • • • .. • • . 252 
System, neighborhood, the........... 101 
Trans-Pecos region, absence of run· 
ning ............................... 216 
Trm:lt, Australian, the ......... 238, 240,248,249 
Underflow or, in Zakima River Valley 162, 3i3 
Underground ..•.......•.. 18, 42, 44, 45,143,218 
Utilizing waste .•...•..• . ··~···...... 90 
Utilizations propo~ed..... .• . .• .••••• 36 
and underflow........... 142 
Vapor engine, raising for ............ 46 
Vegetation, effect of, on.......... • • • • 268 
Weight of............................ 120 
Weirs, movable for. . • • • • • . • • • • • . • • • • • 106 
formula for . . • • .. . . • . .. • • .. • • . 10' 
Spill box for . . • • • • • . . • • . • • • • • • • . • • . • • 103 
Windmills oy, cost of................ 111 
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Weather Service, United States .••• 37, 60, 128; 290 
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